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PREFACE.

This effort was conducted by Syracuse t7nlversitv under the sponsorship

of the Rome Air Development Center Post—Doctoral Program for P.ome Air

Developmen t Center. Dr. Roy F . Stratton , RADC/RBCT, was projoct engineer.

The RADC Post—Doctoral Program is a cooperative venture between (
~AIfl

and some sixt y—fiv e universities eligible to partici pate in the program.

Syracuse l’ nlversitv (Department of Electrical Engineering), Purdue u niversit y

(School of Electri cal Fni’l.neering) . Ceorgia ~nqt 1tut e of 
Technology (Sch ool

of Electrical Enpineering), and State t’niversltv of New ‘ork at !~uf falo

(Department of Electrical Enpineering) a c t  aq p r i m e  c o n t rac t o r  s c b r ’o l s  w i t h

other schools participating via sub—con t racts with prime schools. The (.S.

Air Force Academy (Department of Electrical Eng ineering), Air Force Institut e

of Technology (Department of Electrical Engineering), and the Naval Post

Craduate Schoo l (Department of Flectrical Enpineering) also pa r t ic i pa te  in

the program.

The Post—Doctoral Program provides an opportunit y for tth -u ltv at ~art i c—

Ipating universities to spend up to one year fu~i time on exp lorator y d ’v& ’l—

opmen t and problem—solving efforts with the post—doctor als sp litting their

time between the customer location and their educational Institutions. Th~

program is totall y customer—funded with curren t projects being undertaken f or

Rome Air Developmen t Center (RADC), Space and ~11s sile Systems I)rgani..at ion

(SA MSO) , Aeronautical System Division (ASP), Tiectronics Systems Di v i s i o n

(FSD) , Air Force Avionics 1.ahoratorv (AFAL) , Foreign Technology Divisio n (YTD~~.

Air Force Weapon s Laboratory (AFW L) , Armament Development and “est ( ‘enter

(ADTC) , Air Force Communications Service (AFCS) , Aerospace Defense (‘.omjnand

(AD C) , Hg 1ISAF , Defense Communications Agency (DCA) , Navy , Army , Aerospace
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Medical Division (AND), and Federal Aviation Administration (FAA) .

Further information about the RADC Post—Doctoral Program can be

obtained from Mr. Jacob Scherer , R&DC/RBC, (‘.rifftss AFB , N?, 13441 ,

telephone Autovon 587—2543 , Commerc ial (315) 330—2543.
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I. 1NTRODUC-rloN

The problem of diffrac t ion of plane waves through a slit in a

perfect electric conductor of finite thickness has been studied by

several investigators ( 1 — 4 ) .  The most extensive investi gat ion was that

of Lehman [1). who used the analytic properties of f in i te Fourier trans-

forms. the solut ion of Kashvap and Hamid [ 2 ]  used a Wie ner— Hop f and

generalized matrix techni que. Both of these solutions were done for the

TM case (incident ehectr ic field parallel to slit axts~ . The sol uti ons

of Hongo (3) and of Neerhof I and Mur [4), were obtained 1w a numerical

solution of coupled integral equations and were done for the I’E case.

In this report , we use the method of moments to solve coupled integral

equations similar in form t o  those derived in I~ ] .

rhis report utilizes the generalized network formulat ion of coup l ing

through apertures developed in ( 5 ]  and ( 61  and extends these res u lt s  to

three regions coup led by two apertures. To accomp lish this the equiva—

hence princip le is used to replace both faces of ftc slit by perfect

conductors , each of which carry magnetic current sheets on both sides.

The original problem is now broken up into three regions which ~. t c

coup led by the postulated magnetic current sheets. The two half space

regions are loss—fr t e wi th arbitrary ~ and c and the med i¼mt in the slit is

assume d lossy with arbitrary comp lex and r.

Continuity k- i t  t he tanbential magnetic field is used to derive two

coupled operator equat ions invoivtn1, the equivalent magne t ic  c u r r e n ts  as

unkno~ns. These equat tons are pt t into matrix form using the method ot

momen ts, and solved 1w u s i n g  standard matr ix methods.

-~~~~~~
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l’he ape i t ut o coup liti g ho we ’ t’n t he (ii ret’ i o g I otis i s  c harac t cr1 zed

t ’v a ~-omb I nat I on o adm i t t  an co mat t tct’~
’’ comput et4 st’patat o lv f o r  each

reg ion . th is ~ t vt ’s c i ~‘t- t 0 a n it  w or k  m t  or pt e I at ion o t the problem

w hich t rt’at s ht-  unku~ wn magnet it’ cur men s as p0 rt vo It ages and he o x—

o it at ion as p.~ I I  ¼ ut rents

I I  . l’R~ bt N FORM1.1  :\ 1 hON

I’he or I gina 1 p rob len: con t i gtina I 01 i S sh own In Fig. 1 . It con-

sist S ot a pc I I cot e I ec I tic coud Uc tom o t thi i ~‘kuess d separating two

reg ions a and c which m a y  have ’ d i f t  erent e loot rical prope~rt ies. ~‘otip i j ug

between ho tw o  cog ions occurs throug h a slit of w idt ii w f i l led wi th  ~n

arh it ram ii v lossv med item . thi t’ conductor is in! m ite in the z and v

dii oct ions . the’ prol’ 1cm consists ot three regions separated by two

boumidar l i’s e,the slit I ~~~~~~ 
) . Is ing the equivalence princip le • the three

regions can he separated by covering t he s i lts  with perfect e lect r ic  con—

duct ¼ rs and mague’ t to currents • as des ¼’ r ibed in (5]

• l’hc reg ions are di’ t m e d  by

reg ion a x ‘- 0 , al l  v

reg ion h 0 x d , 0 v w

reg ion c x it , .il I \

and th~’ boundaries as:

1 
x — 0 • P v w

2 
x — ~l, o~. y ‘- w

wh ich are t t i e’ two  boundarIes 01 si’par~lt ion . to ut ii i:~’ the equivalence ’

pm in~ Ip Ii’ • I and 
~

‘
2 are’ ¼ ’ OVC ’ It ’¼1 by perfe ct ‘ iec t rio condti~’ tors • and en

each s ide ot t h o se ’ c~~m 1~h t ~ ’t  o t s  a magnet i c current sheet is p 1 .ic~ d which

2

— ~~~~ -—— 
~~~~~~~~~~~~~ ~~~~~~~~~~ - 

—- -
~~~ - -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - -____ --~~— - ~~~~~~ - ~‘~~- ~~~~~~~~~~~~~~~~~~~~~~~~~

y )

d

~~~~~~
H

LINE SOURCE 

//
PERFECT

CONDUCTOR

REGION a REGION b REGION c

r1 I’2

‘p— n 0’f l

PERFECT
CONDUCTOR

Fig . 1. Original proble’~t .

3 

~ ----- -- -— ~~- - ‘-—- —- -— ‘



- - -~~~~~~~~~~~ -‘~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~~~-~~~~[‘~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~Z~- - 

~~~~~~~~~~

is determined by

— 
~ 

on (is)

— E2 ~ on I’ , (ib)

where and E
2 

are the tota l  e lect r ic  f ie lds in the aperture at l’~ and

r2 respectively. This breaks the original problem tip into three parts

as shown in F i g .  1
• ‘l’he magnetic current 8heets on arh side of and

r 2 are equal and opposite ’ In s ign for each sl i t  because in the actual

problem the e lec t r ic  f ield must be con t inuotis across hem.

Th e’ tangent ial component of magnetic f ie ld In reg ion a at boundary

r 1, H”~ , is due to the inciden t field , H~ , and also to the magnetic cur-

rents radiating in the presence of a comp lete ’  perfect l y conducting

plane at. x — 0. ThIs is written in operator notation as

— + ii~ (2)

where H~~ (M1) and give the lie Id of source’s radiating in (lie presence

of the complete conductor , and subscri pt I is used t i - i  denote that  the

fie ld point is on l’
s
.

In region b , where there are no imi ressed se-iuirces , the’ tangential

component of magnetic fie ld on h’~ Is due to (lie equivalent currents

and -M2 
or

ii
~~ 

— +

— — hl
~~i

(M
i
) — H

~ i
(M2

) ( I)

where t he minu s si gns f*ctor out because (lie field ope’ratoi s are linear.

Also in region h the tangential magnetic h eld at I’ , Is writt en as

--
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y 

)
LINE SOURCE

0~~(X .,ys )

REGION a
—*. n

O

(a)

CONDUCTING BOX

REGION b (
-M2~

0 d

(b)

y

REG ION c
M2

0

(C)

Fig.  2. Equivalences for regions a , b, and c.
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H~~~(— M
1

) + II
~ 2

(
~
4i2

)

a — H~ 2
(M

1
) — H

~ 2
(M
2
) (4 )

where subscri pt 2 indicates that the field point is on r2 .
In region c , where there are also no impressed sources , the tangen t ial

component of magnetic field at r ) 18 due only to cu r ren ts  K2 or

—c —c
H
~ 2 

h1
t.7~

M
2

where H
~2 (M 2 ) g ives the field of sources radiating in the presence of a

comp lete conductor.

The true solut ion to the original priblem is obtained when th

tangential components of magnetic field ~re continuous on the two boundaries

and r 2 . Thus setting (2) equal to (3) and (4 )  equal to (5) we have

+ H 
1

(M
1
) + hI~ 1

(M2) = — (6a)

H
~ 7

(M
i

) + H 2 (M
2
) + 11

~ 2
(M
2

) a 0 (6b )

These two coup led operator equations must be solved simultaneously and we

apply the moment method.

The first step i8 to assume that the two magnetic current sheets may be

expanded by a linear combination of basis functions defined on F1 and I’., as

N
1

K
1 

— ~ V
1
M
1 

on F
1 

(7a)
n — i

N~
K2 - ~ V

2
M
2 

on F ) (7h)
n I

Here V and V are unknown complex scalars and M and M are vector
in 2n in 2n

basis fu nc t ions  on I’
~ 

and F 7 respectively.

6
&

--
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N~ i substitut ing Eqs. (la b) into Eqs . (ba,b) we obtain

N
1 

N
1 

N ,

~~ ~ In
11

t t ~~~ln
’
~ 

+ 5’ V~~ ii~~1
(M

1
) + V V , ii~ 1(~ 2 ) — — (Ba)

n i  n 1  n—I

N., N.,

+ V v 1 iib ,(~2 ) + V v 2 ii~ (M
2n
) — 0 ($h)

n 1  n—i n 1

An appropriate sy~~etric produc t is defined as

~X, Y” —  J X Y d y  (9)

F 2

where the variable of integration is either on F1 
or F

2
. Also

needed are a set of testing functions (W 1
, in — 1,2 ,..., N

1
) on F

1 
and

~~2m’ ~ • 1,2 ,..., N
2
) on F2 . Next take the symmetric product of

(8a) with and (8b) with to obtain

~ 1 
V

1
(
~

W
i

,H
~~i

(M
i

)
~ 

+

n 1

N2
+ 

~

‘ 
V.. ~W ,H1

~ (M1 )~ —— <W ~~~~ 
( lOa)

n 1  ~~ im i i  ~n im t

for m — 1,2 ,... ,N1 , and

N1 P12

~ V in ~
W 2m 1 11t2

(M
ln + ~ V 2 L < W 2 , IL~ 2 (M 2 )”  + (W . .

n 1  n—I

— 0 (lOb)

for in — 1,2 , . . .,  N2. Thee. equations may be rewritten in matrix

form as

7
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~~hsa + ~~~~~ + (Y 12 ]~ — ( ila)

[y 2l ]~ + (Y 22 
+ ~ h8C

1~~ - (ll b )

where the various component matrices are exp licitly identified by

1~ hsa 1 - - [ W  H
~ l

(M
l
)>]

N x N  
( 12a)

• 
[y
hsC

] = — NW 2 ,  H~2
(M
2 )~~

]N x N  (12b)

[Y 11
] = — NW 1

, H
~ i

(M
l
)>]N x N  (i2c)

(Y ’2 ] - - NW 1 , H
~~l

(M
2

) > ] N x N  ( 12d)

[Y
21

] — L<W 2m~ 
H
b
2

(H
l
)>]N N  (12e)

[Y 22
] — — NW 2 ,  H~ 2 (M

2
)>]N x N  

(12f)

= [<W ~~ , H~
>]
~ ~ 

(12g)

Equations (h a) and (lib) compose a (N1 
+ N

2
) (N

1 
+ N2 ) system which

suggests the network representation shown in Fig. 3 where

[Y 11 ] [Y 12
]

[yb ] — (1 3)

~~~~ [y 22
]

The matrices [~ h8a) [yb ] and [y heC ] are the network representations

of regions a, b , and c respectively. The explicit computation of

these quantities which , to carry the network analogy further we call

admittance matrices, depends only upon their respective regions.

8
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III. PROBLEM SPECIALIZATION

The developmen t up till now has been quite general . In this

section we define the basis functions used in the expansion and test-

ing proced ure . Also the electrical properties of the three regions are

described.

A z—direc ted magnetic current excitation produces a field TE to

z, which requ ires only s—directed equivalent magnetic currents over

and F
2
. The basis f unc tions on F

1 
are chosen as

( 1 U (n—i) ~y < y <

M1 
— (14 )

O 
el sewhere

w -
for n—l ,2 ... ,N and ~y — -

~ , y be ing de fined on r . M is defin ed
1 2n

exac tly the same but with y defined on r2. Here we have taken N
1 

— N
2 

— N

so that the number of expansion functions on each slit face is the sane.

The testing functions are chosen identical to the expansior functions so

that W in — M
m 

and 
~
ul2n — M

2n Thus from Eqs. (12e through f) we have

[y ll
] — [,~ll ]

[Y 21 ] — [.~12 ] (15)

— [.~22 )

where the tiida (-) denotes the usual matrix transpose. Also since the

basic fun ct ions on F
2 are the sane as those on F

1
, we have

[y li
] — fy 22 )

(16)
(Y 21 ) —

as wil l be seen more explicitl y in Se ction IV—3 .

10

_ _ _ _ _  

~~~~~e



_ _ _ _ _ _  
-- “-. - - — --~~~~~~--~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~‘ 

-

)
The electrical properties of regions a and c ar e spe cified by the

real numbers t Ic , u /u , c /c and ii iij where c and ii deno tes o  a o c o c 0 0 0

permittivity and permeability of free space. The properties of region

b are given by the complex numbers (b
/C
O 
and 

~b
’
~o 

to describe the losses

present.

IV. COMPUTATION OF MATRIX ELEMENTS

1. AdmIttance matrix for Region a, These matrix elements

are found by computing Eq. (12a). Since Ii~1(M 1~) gives the field of cur-

ren t shee t K
1 

radiating into thee half space a in the presence of a com-

plete cond uctor , we may write

1~~ln~ 
— — 

~2t~ f ~in H~~
)(k

5
~y_y~~ )dy i (17)

Here ~y is the region on F
1 

where M
1 ~I 0, k ~u 

/~~~~, ‘1a
— radian frequency of line source , and H~

2
~ is the Hankel function of

second kind , order zero. Substit t-ting Eq. C14) for an ’ using the

fact that ~ H for m— 1,2,...,N , we have for the mnth element oflm im
Eq. (l2a):

k
~h.a — ~ I I H~

2
~ (k Iy— y ’))dy dy ’mm 2~ j  j o aa

~
‘m ~

‘n

From this equation it is eviden t tha t is a symmetric Toep l i t s

matrix , I . e • the  e 1 emen t s a r ‘ f ii iii ’ t ions  on I v oh rn—n .i nil

hence only one column need be c o m p u t e d .

11
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2. Admittance matrix for Re~ ion c, 1~
h8c

1• The elements for the admi t-

tance matrix of region c are found by computing Eq. (12b). The operator

H
~2

(M
2~
) gives the field of a magnetic current sheet ~i, radiating into

region c in the presence of a complete perfect conductor. This is written

as

H 1 (M
2
) — — 

~~~ 
I ~2

H’~~~(k Iy — y ’I)dy ’ (19)

Ay

where ~y is the reg ion on r., wher e H1 ~ 0, k — , and ri —
n - .n c c c  c c c

Substituting Eq. (19) into Eq. (121-e ) and using the fact that M, W2n we

have for the ninth element of Eq. (12b):

k
~hsC — 

~ f f H~~’(k~~v— v ’~ )dy dy ’ (20 )

A Y

~~hsc
1 is also a symmetric Toeplitz matrix.

3. Admittance matrix for Region b, [r
b] The elements of [rb ] ar e

fcund by computing Eqs. (12c through 1). The operators H~~ or H~ .) give the

fields of current sheets K
1 

or P.1, radiating inside a closed conducting

box as shown in Fig. 4. Thus breaking the computation of 1~
b
1 ~~ 

into two

par ts we have

Part I: Source on i
1~ 

computation of [y il
) and [Y2~ ).

Par t I I :  Source H2 on r ,, computation of and [y 2~~~~
)

For the TE case under consideration , all th e magnetic currents are

12
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Fig. 4. Region b broken up into two problems each with an
equivalent source.
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s—direc ted. Thus an electric v•ctor potential func tion ~ can be d.—

fined in reg ion b as (7 , sec. 3—12):

(21)

where ~ is a scalar wave potential satisfying the two dimensional dif-

feren t ial equa t ion

4+ 4 + kb * _ o  (22)

- 

- 
everywher , in r.gion b except where th. scurces are . Th. wave propa-

gation constant in region b K.1,, is given as kb — 

~
“
~b~b

’ The fields

are then determined from F by:

j — - ~ ~~~~~ ~~ (23)
x~~y y~~x

H — — 
~
‘
~ b~~s 

(24)

The tangential component of ~ obtained from Eq. (23) evaluated

on the box B in Fig. 4 must be zero except where there are magnetic

surface currents. Henc . for Part 1, Eq. (22) must be solved in reg ion h

subject to th. conditions:

—~~~ — O  (2S)
ay y s u i w

and

(26)
in

1

14
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which are obtained from the components of Eq. (23). The solution to (22)

satisfying Eq. (25) is of the form

= 
p~0 

A~cos k
xp

(x_d) cos -
~~~~~~~

- (27)

where

k~~~ k~ 
— (~~)

2 
(28)

The coefficients A are found by satisfying Eq. (26) which is rewritten

as

A k sin k d cos = — M (29)
p x p  xp w in

Multiplying both sides of Eq. (29) by cos and integrating from 0

to w on F1, we obtain

w

A~ = 
w k sin k d 

M
1 

cos 21~ dy (30)
xp ~cp 0

where c is Nn uman n ’~; number ( c 1  for p=O and ~~~2 , p 0). Now and

are simply given by Eq. (24),

Thus Hb
1

(M
1 

) becomes

H~ 1(M1 ) = — jwC b~
P(M l

)

juc c cos k d
= b p ~~ I M cos ~~~ dy ’ cos

w k sin k d j ln w V
p’ O xp

1 (31)

with a similar result for H~2
. Substituting into Eqs. (l2c and e) we

obtain the ninth elements of [Y11
J and (y21 ]:

15
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jwe c c o t k d ,
y11 — 

b _P 
K ~ J f M~~W1 cos ~~~ cos 

~~~ 
dy dy’ (32)

p 0 r r1 1

— — ~~~~ 
p~O 

~~csc k~~d 

r~ r1 
M
m 

W
2~
Cos 1’)’ cos -

~~~~~ dy dy’ (33)

For Part II as shown in Fig. 4, Eq. (22) niust be solved subject to

. 1 1  — O  (34)ax
y~ O,w x”O

p

and

(35)ax 2n
F
2

which are obtained from the components of Eq. (23). The solution to (22)

satisfying Eq. (34) is given by

U , — B cos k x cos 2!Y. (36)
0 p xp

where k
xp 

is again given by Eq. (28). The coefficients B are found by

satisfying Eq. (35) which is rewritten as

~ — B k  sin k d cos~~~~~— M.. (37)px p  xp V

Again multiply (37) by cos and in tegra te from 0 to w on r2 to get

B — — cos ~~~ dy (38)p wk sin k  d ~n vxp

16
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H~1 ~~~~ 

is again given by Eq. (24) 8

H~~1
(M

2
) - —

C
— 

b p 
- I M con ~~~~~

— dy ’ cos (39)
w k sin k d j 2n w Up— 0 xp xp

2

with a similar result for H
~ 2 (M2n)• Thus substituting into Eqs. (12d

and f) we obtain the mmth element of [Y12 ] and [Y 22 ]:.

juc — c csc k d r r
— — b 

__________ I I w M.. con -~~~~‘ con ~~~~~~~~ dy dy ’ (40)mm w k j j un in w w
P’° F ”i £

2

jwc ~ ~ cot K d , r

— — 
b xp ( W M con ~“‘~~ cos ~~~ dy dy ’ (41)

mm w k 2m 2n w vp— O xp r r2 2

More is said about the computation of the admittance matrix elements

of region b in Appendix A.

4. Excitation Matrix. The source which is placed in region a at

coordina tes (x , y )  is a magnetic current filament K~5 
radiating in

tie presence of a complete conductor at x — 0. Hence the tangential

component of incident magnetic field , 1I~~, is given by

k K
— — U —

~~
-- H~

2
~ (k R ) (42)

t z 2 r ~ o a s
a

where R — + (y’—y5
)2 . Substitution of this H~ into Eq. (12g) yield s

the following formula for the mth element of vector Ii:

17
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— — —~— I H~
2
~ (k R ) dy (43)

m 2I.l
~ 

j o a s
AY

a • I ,2 , . . . ,N . Th. variabl , of integration , y ,  is on I’
l 

and A y is the

region where ~ 0. Equations (lla ,b) may now be solved fo r V
1 
and v2 ..

V. TRANSMISSION COEF 1?ICIENT

The transmission coefficient of the slit is defined as

P
T — trans (44)

inc

where 
~t rans is the time average power t ransmitted into region c by

th. slit and 
~inc is the t ime ave rage inciden t power in tercep ted by the

slit from reg ion a , bo th for a uni t length in the z direction . P
t rans

-
$ 

then , is jus t the real par t of the Poynting vector flux through boundary

r2 which i. given by

1’t ran s — Re f E~ ‘ ~ dy (45)

0

where * denotes complex conjugate. F
2 

and H
2 

are the total elec t ric and

aa~~ettc fields at F2. Using the vector identity (7]:

E2 ” H 2 n — H 2 n ’~ E2) (46)

and Eq. (Ib) we obtain
w

t’trai s — — Re f 1i . f~2dy (47)

Now substitute Eq. (7b) into the above to get

18
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N

~trans — — Re ~ V2 1
~2 M2~ 

dy) (48)
n—l

The magnetic f ield H2 is due to the magnetic current sheet H2 
radiating

Into region c or

N
— H

~2~
M
2
) — ~ V

2
H
C
2

(M
2

) (49)
n 1

Substituting Eq. (49) into (48) and using Eq. (12b) and the fact  that

H1 — %4 , we obtain
..u 2n

P — Re ~ 1~
hsc

1
*~*

trans 2 2

This is the usual formula for power flow into the network represented

by [y 1~5~j of Fig. I.

The time average power radiated into whole space pclr unit leng t h

in * by a magnetic line source of strength K is given by [7):

K
P

f 
— 1K 1 (51)

is that portion of Pf 
which is intercepted by the aperture and is

given by
Ok

P ~~~ ~ 1K !
2 (5 2)

inc 2i~ f 8w~a

where O is defined in Fig. 5. Equation (44) is final ly written as

8w~
T — 2 

Re {~ [~
hsc ]* ~*} (53)

OK C I K I  2 2

19
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k K
1
m — — 

~~~~~~~~~~ f ~i H~
2
~~(k + — ~~dy ( c ,q )

n ..n z o C In
I )

n— 1 ,2,.. . .N. if r ‘‘ \ (far field measurements) where \ — t hen

the above becomes 

C’

K Ij k  —J k r Jk ( V  — sIn ~
1In _~~~~~~ 

~~~~~ 
c m j  H dv (60)

n n j  2nm

,\d~ ust K to
In

fTT~ -jk r

K f l~~~~~2nr C c m  (6 1)

and the comporents of I~ become

V V
f j k (v — ~) sin .

~
I H e clv

p n j 2n

Ihi ’ measured component of magnetic field is now giver by

fT~ — j k r
I’m 

— — 
2’i r e C In (61)

and is in the direct ton of K u .  The final formula for power gain

- Ii~ V~~
c- trans

‘—I

- 1
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VII. NUMERICAL EXAMPLES

All the examples given here are done for norma l inc idence with

the source tar enough ~iwa (x
5 — —100

~~~ 
and the strength adjusted

to simulate i unit incident plane wave at slit face r 1 . The permea-
bility and pe rm lttiv itv of regions a, b, and c are tha t of free space

except where noted . To check the computer program , magnetic c u r ren t s

were computed for a relatively thin slit (w — •4 \ . d — .0O1\ ) for

different values of permittivity and permeability in region c. These

results are given in Figures 6 and 7. As expected , H1 
— —M 2, and

agreement is quite good between results in Fig . 6 and those obtained

for d — 0 [8]. Gain and normalized far field patterns for these cases

are given in Figures 8 and 9.

Two examples done by Neerhoff and Mur [4 )  for a slit with w — lii

(micron ) ,  d — .l~ , and — .4353p appear in Figures 10 and 11 when

region b contains free space and regions a and c have different per—

mitt iv i t ies.  The magnitude of currents 
~~, 

is compared and agreement

is quite good . Figures 12 through 15 show the effects of having a

lossy medium In region b for a slit with w — l \ ,  d — .2~ \ ,  when

regions a and c are free space.

Figure 16 shows gain and normalized far field patterns for a

sl it with varying thickness and different values of 1
b 

Our results

agree well with the same example computed in [4]. This case was also

experimentally measured in [9) with slight discrepancies in the mag—

nitudes of the sidelobes and nulls when compared with our results.

Figures 17 through 19 show the magnitudes and phases of magnet Ic cur-

rents computed for the slits in Fig. 16.
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Figures 20 and 21 show the effec t on transmission coeff icient

for var ious slits when the source is placed at d if fe ren t angles of

inc idence as measured from the negative x—axis . This transmission

coefficient is different from Eq. (44) in tha t 
~inc is now the t ime

average power intercepted by the slit when the source is at normal

inc idence whi ch , f or p lane wave simula tion as we have done , amoun ts

to multiplying Eq. (44) by cos~ where ~ is the angle of incidence.

This is done to facilitate comparisons with results given in (12]

and [131.

;.j.
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Fig. 20. Transmission coefficient times cos~ versus • where ~ is
the angle of incidence measured from the negative x axis
for w — .81 , d — .251 , k — k — k ; a) c.~, — c b) c1,’.5c
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Fig. 21. Transmission coefficient t imes cos$ versus $ where ~ is
the angle of incidence measured from th~ negative x axis
for k — k.D 

— k ; a) w — 1.021 ,d l0~~A , b) w — .511
d — 1~~~~A . Squires and triang’es represent values takeA
from (13]a for d — 0.
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VIII. DISCUSSION

A general purpose computer program has been developed for calcu—

bating the transmission characteristics for a slit in a conductor of

finite thickness separating two different media. The slit may be filled

with bossy media as specified by the user. It is shown in Appendix A

that this formulation reduces to the case of a slit in a conducting

screen as the conductor thickness d approaches zero. However, when

media b is boásless and the slit dimensions v or d are such that

is satisf ied for any integer p and m , some terms of (rb ] become inf inite

and our solution fails. In this case we obtain a solution by perturbing

the dimensions w or d slightly so that the region b is no longer a resonant

cavity.

When using the computer program to check with results given for

slits when d — 0, a relatively small - ‘i~1ue ot d may be used (i.e.,

d~~~l0 5
A) . However, because the matrix composed of 1~

hsa1 1~b1, and

(yhSC] becomes more ill—conditioned as d approaches zero, results obtained

for extremely small values of d may be questionable.

The examples seem to indicate adequate convergence when the number

of expansion functions is increased . Also, in computing the infinite

sums involved in determining (rb],  no more than 50 terms were used for

any of the exe aples , since increasing this number did not appreciably

aff.ct the results.
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Appendix A

NOTES ON THE COMPUTATION OF [rb]

The elements of the submatrices of [r
b ] are given by equa-

tions (32) , (33) , (40) , and (41). All of the equations have the

foE owing integral in co~~~n:

I — 

~J ~f cos cos ~~~~ dy dy’ (A—i)

where 
~~~ 2 and ~n1 2 are interval, over which the expansion or testing

fimction is nonzero on or r2 for a, n—l,2 ,... ,N. Using the trigono-

metric identity

sin pnx — sin p(n—l)x — 2 sin cos [p (n —

where p and n are integers, Eq. (A—i) becomes

sin2 ~~
— (~y)

2 
cos [_~ ‘T~ (a — cos 

~f- 
(n — ~)] (A—2)

where Ay — -i--. Now write matrices fY11] and [Y12] as

I!
”

] — a [ F~~~] (A—3)

and 
— ~ b ( F ~~~~] ( A 4 )

where p—o

(
~~~~

)
2 cot k d sin

2 
~~~

-

a — - (A-5)
p w 

~~~

1 
- 

jw%c (g~)2 csc k d sin2 
~~b — —  -
~~~~~ 

(A—6)
p w k 2

4 
xp 

(%~

-1- 41



: ~~~~~~~~~~ 
- -

~ 
-

~~~~~ 
r— - - ‘;-

~
“—i’

~
--

The matrix [~(1~~] is given by

(F~ ’~ ] — L~, 
(A—7)

where

— [cos 2.!, cos 3~~iL,..., cos 2 2N 
2~~] (A—8)

Matrices (~].2] and (Y22
] may be written in terms of the above according

to Eq. (16).

It is evident that for various values of k or k d when the
xp xp

medium in region b is bossless the coefficient. a and b become infinite.
p p

These cases are sumearized as

1) d _ O ~~kxp~~~O•

2) kxpd — mir for a — 0, 1, 2,...

To examine these cases in f urther detail we rewrite Eqs. (lia b) using

Eq. (16):

[yli + yhsa
iV + [y

12
iV — (A—9)

[Y 12]~ 1 + + yhsc iV — (A—b )

For case 1 when d is very small, a suitable approximation to

cot x and csc x yields

(Y’J ~~ [y
12

]

and
+ [0]
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Next multiply Eq. (A—b ) by to obtain

V1 — V2 (A—li)

then subtract (A—lO) from (A—9 ) and use Eq. (A—li) to get

+ — ii (A—l2)

This is the expected result when the thickness of the conducting

screen is zero [5, p. 7). -

An analytical expression for Eqs. (A—9) and (A—b ) as

k d  + air in case 2 is not attempted here. Instead , when the dimensions

w and d are such that case 2 arises for some integers a and p, the com—

putations are done for dimensions w + AX.0 or d + ~~b 
wherever appropriate

where AX.
0 

is a small fraction of the wavelen gth in region b.
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Appendix B

COMPUTER PROGRAM

B—b. Required Data

The required data cards are read in according to the forma t :

100 FORNAT(6Ell.4)

101 FORMAT(6 I5)

READ(l ,lOO) NI4UA, NEPSA

READ(l ,lOO) NNUB, NEPSB

READ(l ,lOO) NMUC, NKP SC

READ(l ,lOO) W, D

READ(l , lOO)PHIO , DPHI , FMC

READ(l ,lOl)N , NI , NT NEXC

READ(l,lOl) ICUR , IGA

D O l I — l , NF.XC

READ( 1,100) XSC(I ) , YSC(I)

1 CONTINUE

The input parameters are defined as

NMUA —

NEPSA —

NEPSB — t
b /C O

NMUB —

NMUC —

NEPSC — C c /C o
W — slit width in meters.

D — slit thickness d, in meters

44
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PHIO — angle in degrees at which first gain measurement

is computed.

DPHI — increment in degrees at which gain pattern is

computed.

FMC — frequency of magnetic line source in megahertz.

N — number of expansion functions on slit face or r2
(total number of unknown magnetic currents — 2N).

NI — number of gain measurements to be computed for each

pattern.

NT — number of terms used to approximate the infinite

sumeations in Eqs. (A—3) and (A—4).

NEXC — number of excitations (i.e., number of right hand sides

to Eqs. ( h a , b)).

ICUR — integer option variable. If ICUR — 1, the magnetic
currents will be printed for each excitation. If

ICUR ~ 1 printeut will be bypassed.

IGA — integer option variable. If IGA — 1, a gain pattern and

far f ield patterns will be computed for each excitation.

If IGA ~4 1, this computation will be bypassed.

XSC(J) — x coordinate of Jth magnetic line source in meters.

YSC(J) — y coordinate of Jth magnetic line source in meters.

The minimum storage allocations in the main program are given

by:

45
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COMPLEX Y(N*(2*N+1)) , VM( 2*N) , YHSA(N) ,

YUS (N) , VM2 (NEXC*2*N)

DIMENSION GA(NI), FP (NI) ,  PHI (N I ) ,

PHIR(NI), XSC(NEXC), YSC(NEXC)

For subroutine TRANS the minimum allocation is

COMPLEX YAUX(N)

for subrou tine GELS ,

COMPLEX P.(N*2*NEXC) , AUX(N*2*NEXC)

and for subroutine YB ,

COMPLEX ST1(NT) , ST2(NT), CXP(NT)

DIMENSION SINC2(NT)
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B—2. Main Program Description

The first quantities to be computed are the wavenumbers and

impedances in each region normalized by k
0 
and no respectively where

k — wavenumber of free space and n — impedance of free space. It

has been noted that whenever the dimensions w or d are integral multiples

— of a half wavelength in region b (for the lossleas case) computational

difficulties are encountered. This condition is checked for in statement

50 where the dimensions are perturbed slightl y If necessary. Next the

F dimension. are changed to electrical lengths by multiplying by k0. The

actual ordering of the magnetic current expansion functions along slit

faces and r2 is shown in Fig. B—i . Here, (
~y1, ~y2,..., AyN} are the

regions on which ~ 0 for n—i, 2, ..., N and {Ay~~1, ~~~~~ ~~2N~
are the regions on which ~4 0, for in — h ,2,...,N .

The first step in solving Eqs. (lia ,b) Is to compute the necessary

matrix elements as given by Eqs. (12). For convenience, each side of

- - Eqs. (lla ,b) are multiplied by the fac tor ~~k .  Since 1~
hsa

1 and [yhac
]

are symmetric Toepiitz matrices and [Y11] and [y i2] are symmetric, only

the upper right triangular por tion of

+ ~
hsa

1 ~~l2~

(Y] — n0
k0 (B— i)

LY 12 1 [y ul 
+ ~

hsc~

is computed. This i. stored in array Y in the main program by columns.

The first column of n0k0
[Yhsa] is computed from Eq. (18) with statement

5]. and the result is stored in array YUSA . The first column of
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n k [Y

t
~
9C
] is next computed and stored in array YHSC in statement 52.

Statement 53 computes the upper right triangle of the matrix

[H il
l [Y

12
)

Ti k
0 0  2

EY 1 [Y I

and stores the result temporarily in array Y. DO loop 2 then adds

hsa hsc
I and r i k [ Y  J to the proper elements of the above

temporary matrix and stores the f inal resul t in array Y wh ich is

the upper right triangular portion of Eq. (8—1).

Each excitation vector corresponding to a magnet ic

line source at ( X S C ( I ) ,  Y S C ( I ) )  is computed in statement 54 and

stored temporarily in array VM. This opera t ion  is done NEXC t imes

in DO loop 3 where each VM is stored consecutivel y in array VM2 .

The solution to Eqs. (h a and b) is then found by statement 55 where

the input array VM2 now contains the solution for each excitation.

The coefficients of magnetic currents are printed out in DO l
~~~

p •+

of ICUR — 1. DO loop 17 computes a transmission coefficient f r  c.ich

excitation and a gain and normalized field pattern if ICA — 1.
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MAIN PROGRAM LISTING THIS PAQE IS B)~ST QUALITY PRACTICABLE
71~~~ OQPX I~.~~US~i~D TO DDC -—

SJCB AUC K,T IME-2,PAGES—40
C—— ---- ---——CCRRECTED TRANSV ERSE ELECTRIC THICK SLIT PROGRAM
C EASED ON REPORT tR— 77—9

COMPLEX V M 2 ( 18 2 0 ) ,Y ( 5 2 8 ) .Y HS A ( 16 ) .VHSC(16) .VM(132 )
COMPLEX CSQ RT,C$IP~.CCOS,HANKO2,HAbK12 ,CONJ G
CONFLEX ETANB .U.NMU8,NEPSB,WAVNB .STK
DINEI4SION XSC(91).YSC (91).PHI (91).PHIR (91).GA (91),FP(-91)
COMMON WAVNO .PI.U
REAL NMUA,NMUC,NEPSA,NEP5C
DATA ETA/376.730/ .EPSO/8.85E—12/
PIa .~. 141 5S3
U~ 

( 0. • 1 • )
100 FOFNAI (oEl1.4)
101 FO~~NA T ( 6 I S )

REAC (  1 .100)  NNUA,NER SA
R E A C ( 1 , 1 0 0 )  NMUB .P.EPSB
R EA C ( 1 , 1 0 0 )  NMUC,I ,ERSC
REs*C(1.100) W.D
REAC(1.100) PHIO,CPHI,FMC
R E A C ( 1 . 1 0 L )  N,N1,NT ,NEXC
R E A C ( 1 . 1 0 1 )  ICUR.IG.A
DO 1 1 1 , N E X C
R EA C ( t . t O O )  X S C ( 1 ) . Y S C ( I )
PR It- I .1. XSC ( 1) ,Y SC(- 1 )

1 CC NT It - UE
PRIlT. ’NEPSB~~’ .NEPS6. NMUB~ ’ .NMUB
PR III. ‘NMUAz ’ .t-P4UA ,’NEPSAa’ • NE P S A
PRIiT, ’NNUC~~’.NMUC.!NEPSC~~’,NEPSC
PRINT, ’ W ’ .W. ’ D ’  .0
PRIP~T. PF I0 .PHI0.u OPHIZ h .DPH1. FMC~~~.FMC
pRI r I . ’ Na’ .N, ’NI~~’ .NI. ’NT~~’ . N T , ’ NEX C as .NEXC
PR IP.T. ’ ICUR ‘ .ICURp ’ IGA ‘ , IGA

C— —————— CC M PUTE WAV ENUMBE R OF FREE SPACE.
WAVN0~zPI *FMC/150.

C—————— --(O~ P U T E  WAVE NCS~. OF REGIONS A .B ,  AND C NORMAL IZED
C BY ~A~~N0.

WA ~ NA~~SQRI( NMUA* NEPSA )
WA~ NEzCSORT( NMUB*NERSB)
W A V NC SQRI( NNUC*NEPSC )

C————— — C ONPUTE INTRINSIC IMPEDANCES OF REGIONS A.  B, AND C
C NORMALIZED BY ETA .

ET A NA SO R NM UA/N E PS A)
ETANE CSQRT (NMUB/NE95$)
ETANC =SO RT ( NMUC/NEPSC)
PR III, WA VNB ,ETANB , WA VNO
MzNUN+1 )/2

M2aN2* (N2+1 )/2
50 CALL PT B (W . D . W A V N B )
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CABLI

C —  (
~~AN ’. E D I M E N S I O N S  10 ~- REE SPAC E E L E C T R IC AL LENGTP-$S.

W - W * WA~~N0
0 C * W A V N O
DY= ~~/P’

C -C C M P .  F I R S T  RO* OF A D M I T T A N C E  MA T R I C E S  FOR R EG I ON S

C A AND H... S T C~~E IN A RRAY S V I-S A AND YHS C RESP .

~1 C A L L  YHS (WA V N A * D Y . N.Y H SA .W AV NA ,E T A N A )

52 C A L L  yh s (~~AvN (:*oy.N.vH-~c,wAVNC .ETANC )
C A L L  ‘vfl (Y .M2 .WAvNP.FTANH.W.DY.NT .C,N)
DO .0 I - 1 .N
PI~ U- T . Y H S A(  I) .VI iSC(1 )

20
C— - - - — ----- -A C D  HA L F  S P A C E  A DM IT T A N C E  M A T R I C E S  TO Y l l  A N D  Y.~~~

C OF TOTAL A D M I T TA N C E  M A T R I X  V ...

DO
DO~~~ I~~I .J
Y ( K ) ~~V ( K ) + V H S A ( J — I,1 )
Y ( M + J * 4 + ~. ) =V ( M ’ J * N + I~~) + V H S C ( J — t . 1)

2 C~~;N 1 1 N u F

DO ~~1 ~~~~~~~~
4 PF~1I’1.I.V (I)

21 CCP’.’TIMit
C CC MP .  t \ . II 1 A I I U N  N A T RI )~~.

1)1) 1=1 .NL\~.
XS~~~5~~t 1 )*WAVNO

54 C A L L  T F F XC (~~~A V N A , A A V ? ~A * X S .W A VN A * Y 5 , N , W AV N ~~~*D Y . VM , N .~~,F T AN A ,S Tp c , w

1 A V N  ~ * ~ )
DO J~~I , N2
V M 2  ( J$  (I — 1) *N.’ )=VM ( J )
C CN 1 I N U E

C— --- - 5CL UT ION OF M A G N IT I C  CURRENTS.
55 CALL G E L S (V M 2 ,Y . N 2 . N E X C , M . )

IF (ICU P . NF .1 )  GO 1 0 5

102 F J R M AT ( 1  S .4F17.7)

103 F OF M At (’1’ ,15X .’MAGMETIC CURRENTS FOR XS ‘.F8.3.3X.

* ‘A t- C V~ ‘ .F8.3)
DO 4 J— 1 .NE.XC
WR I1E (2.IGJ ) XSC (J).YSC(J)
DO 4 I~~ 1 .N2

— A I = AU ~~A G ( ~~,M2(K))
AR=~~EoL (VW ~~(K))
P~-l A C E  = 1 ~ 0 .*A T  A N2 ( A l  • A~-~)/P  I
V A C A ~~~ ( V M ( k )  )

W R I T E (  ‘~ 10~~) I .V M2 ( K) . VA .PHA S E

4 COt ’IIN U E
5 C ON T I N UE

DO t I — 1 . N l
P HI ( I )r ~Pb I 3+ (  1—11*1)0K!

P1-I U. ( I )  ~P 1$PH I  ( I )  /150.
C O N T I N U E

C
,!
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THIS PACE IS BEST QUALITY PB&CTICJ~BL$

~~0M QOFI ~ U~1ISH~~ TO DDC —

C —  COMP. OF TRANSMISSION COEFFIC IENT .
105 FO~~NAT(’1’ .18X ,’*5’,1 8X,’yS’ ,1X, ’TRAI ,5NlS5ION COEFF .’ )

W R I IE ( 3 .  1 05)
00 7 J=IeNEXC
DC E 1 1.N2
VM( I)=V N2 (I+(J—1 )*P2 )

8 CC PIINU E
XS*XS C (J )*WAVN O
YSa~ ~C (J) *WA VN O

56 CALL IRANS(N .N2 .YIISA ,PTST .VM. STK.W.XS.YS.ETANA .WAVNA ,TN )
108 FORNA T (’ ‘.4E20.7)

WRI TE(3,1081 XSC(J),VSC(J),T ,TN
WR ITE (2 , ICO) XSC(J) .YSC (J) ,T.TN
IF( IG A.NE.1) GO TO 9

C COMP. GAIN PATTERN.
57 CALL GA IP4(PHLR .N I .N,N2 .VM,DY.W .GA ,WAV N C ,ETANC,pT ,Fp )

1C~ FOFP 4AI (F20.1.2E20.7)
107 FO FMAT (’l’ ,’POWER GAIN PATTERN IN REGION C AND ANGLE IN DEGREES’)

WR ITE (3, 107)
DO 10 1 1 ,N I
WRZI E (3, 106) PHI( I).GA ( I) •FP( I)

10 COt-4IINUE
9 C O N T I N UE
7 CONTINUE

ST OF
END

SAMPLE INPUT-OUTPUT

SCA lA
I —0 . 1000000 E  03 0.4000000E 00

NEPSB— ( 0.1000000E 01 • 0.0000000E 00)

NMUB* C o.i000000E 01 • 0.0000000E 00)

NMUA* 0.100000CE 01 NEPSA— Oal000000E 01
NMUC~ O .IC00000E 01 NEPSC 0~~100000OE 01

0.8000000E 00 C~ 0.2500000E 00
PHIO= —0.S000000E 02 CPhI— 0.I000000E 02

10 N 1 19 P-4V 50
ICUR~ 1 I G A  1
FMC 0.3000000E 03

NEXC I

C C . I 0 0 0 0 0C E  C i  • C .OOC0000E 00)

( 0 .1000000E 01 , 0.0000000E 00)  0.6283185E 01

52
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THIS PAGE IS 8~~ T QUALITY P ACTIC~k~~~
FIW~ cOPY FUB2USH~ D TO DDC

PPIMTO(J1 OF P1F~Y COLUMN or YNS A AND Y~dC...
0.1250820! 00 • 0.1858665! 00) 1 0.1250820! 00 • o.1R~ 8eS3E 00)

C 0 .t*?P71~ r 00 • 0.64513$8~ —O) ) C 0.1172774! 00 • 0.e-457’ee!—ol)
C 0.9551r.96F—oI • —0 .9290889!—O? ) C 0.955*598F—0 * , —0 .°?9068Q!—0? )C 0.63?35I*~~—O1 • —0.469151~~~—o* ) I 0.6373564!—OI , — 0.469757°!—O1 )
C 0.? 789*OoE— ol • —0.e ’124841’—ol) C 0.2769*90,.— ol •
C —0 .OzYqso!.—92 • —0.6 *5*7362—0 * )  1 —0.62195,52—02 , —0.61517362—01 )
C —0 .325’f30 !—0I • —0.4625308f!—0I ) C —0.3263630 —01 • —0.46253982—01)
C — 0 .4722714F—oI • —0.22742572—01 ) C —0.472?Pl4f—O * • —0.22742572—01 )
C —0.4*987272—01 • o.2e1936~~ —O2) C —0.48987272—0% • 0.28793642—02 )
C 0.3909317!—01 • 0.24?9245!—0I) C —0.39093172—01 • 0.24792462—0* )
PRINTOUT OF UPPI!P Ri. TR IANGLE OF Y. . .

* C 0.1250820! 00 • 0.38441302 00) 58 1 0.0000000~ 00 • —0 .15’*681r 00)
2 1 0.1172774! 00 • 0.7049739!—O*) 59 C o.ooooooor 00 • -o.16U2446! 30)
3 C 0.I25oe 2o~ 00 , 0.2748093’ 00) 60 ( 0,0000000 ! 00 • ~~O. 534147~ 00)
• 1 o.c55l698F—o 1 • —0. *1 29717F 00) 61 1 o.ooooooor 00 • —0.1040408! 00)
3 C 0.11727742 00 • 0.25 44012—01 ) 62 0,00~ 0O00F 00 • —0.30~~*t °6F— o1 )
5 C 0.12508201 00 • 0.27$~~530F 00) 63 1 0.0000000! 00 • O .*924359r-01)
-
~ C O.6373564F 01 • —0.1976093! 00) 6$ 1 0.0000000! 00 • 0.1167789! 00)
9 0.95516982—0* • —0.109*290! 00) 65 0.0000000! 00 • 0.*’7275?F 00)
9 C 0.1172774! 00 • 0.69006892—01) 65 C 0.12508202 00 • 0.~~844l30’ 00)

10 1 0.1250620! 00 • 0.3497629! 00) 67 C 0.0000000! 00 • —0 .I19~ Qf9F 00)
11 C 0.2P60*90r—0 * • —0 .2070151w 00) 66 ( 0.0000000! 00 • -0.1266460! 00)
12 C 0.63735842—01 • —0.1812464! 00) 69 C 0.0000000’ 00 • —O. l3~~9733r 00)

*3 C 0.95516962—01 • ~ 0.37097301~~0*) 70 1 0.0000000, 00 • — 0.I3733~~7! 00)
14 C 0.1172774 ! 00 • 0.1490885! 00) 7$ ( 0.0000000 ! 00 , -fl .ii9$’05~ 00)
15 1 0.1250820! 00 • 0.41696*7! 00) 7? C 0.0000000 ! 00 • —0 .l’0111628F—0*)

15 C 0.2279565! 02 • —0.16*9459! 00) 73 ( 0.0000000~ 00 • 0.23fl55?7F-01 )
17 ( 0,2 7691902—0 1 • —0.1367847! 00) 74 C 0.0000000! 00 • o.’672’812—01
13 C 0.63735842—0% • —0.72066371—0*) 15 C 0.0000000 ! 00 • 0.~l1739l7 !-0l)
19 ( 0.95516982—o I • 0.29181592—01) 75 C 0.0000000 ! 00 • o.lI67789~ 00)
20 1 0.11721742 00 , 0.1874563! 00) 77 C 0.1172174! 00 • 0.70491392—01)

2* 1 0.1250820! 00 • 0.4i696~ 4! 00) 76 C 0.1250820! 00 • 0.274809~~ 00)
22 1 —0.325’6302—01 • —0.7S!!09l!!—01) 79 C 0.0000000! 00 . —0.1531661! 00)
23 1 —0.6279565! 02 • —0.82764332—0)) 80 1 0.0000000! 00 • -0.1359733! 00)
24 C 0.2’691901’—01 • —0.69f 0’1832-OI) 81 1 0.0000000 ! 00 • —0. 1108171! 00)

25 C 0.63735642—0* • —0.336°7412—0l) 82 ( 0.0000000 ! 00 • —0.86500902—01)
26 C 0.95516988—01 • 0.2918*832-0%) Ai 1 0.0000000 ! 00 • —0.641 0986!-0l)
27 C 0.1)72774! 00 , 0.%490686F 00) 84 C 0.0000000 ! 00 • —0.39815%9!-0*)
28 1 0.1250820! 00 • 0.3497834! 00) ~~ C 0.0000000! 00 • -0.1265056r-0l)
20 C —0 .47?27142—0 1 • 0.27%42132—0%) 68 ( 0.0003000 ! 00 • 0.14510692-01)
30 C —0.3253630F—0l • —0 .R3?21541!-02) 67 C 0.0000000 ! 00 • 0.36723932— 0*)
3* C —0,62795652—02 • _ 0.44 * % r _ 0* )  8$ C 0.000)000! 00 • 0.49243772-01)

3? C 0.27691902—0 1 • —0 .696054*2—01) 89 C 0. 9~ 51696!—0 T • — 0 . 1 % ? Q ? 1 1 r  00)
33 0.63735642—01 • —0.72088372-01) 90 C 0.1172714! 00 • 0.2!-~~4402E— 0t )

34 I 0 .955*6962—0 1 • — O.31907%3f !—O1)  01 C 0.1250820! 00 • 0.21865302 00)
35 C 0.1172174! 00 • 0.69907252—0*) 0? C 0.0000000! 00 • — 0 .169 244 6 !  00)

36 C 0.1250820! 00 , 0.2786530! 00) 93 ( 0.0000000! 00 • -0.1373387! 00)
37 C —0.4898727!01 • 0 . 1* 9 0 4*3 !  00) 94 C 0.0000000! 00 • — 0 .86598092—01 )

38 C —0 .47?2714r—0l • 0.65511292—01) 95 C 0.0000000! 00 • —0.37588302 01)

39 C —0.3253630! 01 • 0.63717$9!—02) 95 C 0.0000000 ! 00 • —0 .e543554y— 02)
40 C —0.62795852—02 • —0.827e4•5~~-0%) 97 C 0.0000000 ! 00 • 0.34251842—02)

4* C 0.27601902—01 • -0.1367845! 00) 98 C 0.00000002 00 • — 0 . 13 1 8 9 4 6 2- 0 2 )
*2 C 0.63735842—0% • —0.1512459! 00) 90 I 0.0000000! 00 • — 0.l2f~504%~~—0 1 )
43 1 o .osgteqsF—o1 • —0 .109*290! 00) 100 C 0,0000000 ! 00 • —0.23985062-01)
44 C 0.1172774! 00 • 0.25543962—01 ) *0% 1 0.0000000! 00 • —0 .3001169!-0l)
45 C 0.1250620! 00 • 0.2748093! 00) 10? C 0,63’3584!—Ot • —0.1056003’ 00)
48 C —0.39093172—0 1 • 0.1802235! 00) *03 1 0.9551695!—0 1 • —0.1091200! 00)
4? C — 0 .46961212—0% • 0.1*094*5- 00) 104 1 0.1172774! 00 • 0.6990e-89E-0l)

4* C —0.47227142—0 1 • 0.211 4225F—0%) 10! C o.1250620~ 00 • 0.34978292 00)
49 C —0.32536302—0* • -0.7755)032— 0%) *06 C 0.0000000 ! 00 • —0.1734*47 ! 00)

S~ C —0.62795652—02 • —0.16*9*86 ! 00) *07 C 0.000)000! 00 • ~0.1*08705! 00)
31 1 0.27601906~ 01 • -0.2079*502 00) i0~ C 0.0000000! 00 • — o . t * i o o e w ~F—o ~

)
5? C 0.637’584!—01 • —0 .1956096’ 00) *09 C 0.0000000 ! 00 • — 0.6S43~ 5*F- 02)
5! C 0.9551696F—0 1 • -0.1129715! 00) 1*0 C 0.0000000! 00 • 0.299*736F—0l)
54 1 0.11727742 00 • 0.704975*E-0l ) III C 0.0000000 ! 00 , 0.31052502.01)
58 C 0.1250620! 00 • 0.3844*25! 00) II? C 0.0000000 ! 00 • 0.34’588%!-02)

88 C 0.0000000 ! 00 • —0 .93375442-0*) 1*’ C 0.0000000 ! 30 • — 0 .30614952-01)
5? C 0.0000000 ! 00 • —0. l %0 f ’ 960 ? 00) 1) 4  C 0.0000000! 00 • —0 .80*65972-01)
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I 1~~ C 0.00000002 00 • —0.1 0404042 00) 180 C 0.0000000 ! 00 • —0.1*66469! 00)$ 1 2  C 0,2760*902—0 1 • -0.2019151! 00) * 8 %  C 0.0000000! 00 • —0 .1106970! 00)
I I’  C 0 .63 135842—0% • — 0 .* 5 ; P4642 00) *8? C —0.46967?7r—01 • 0.11994)3! 00)
* 1 8  C 0.95516992—0 1 • -0.31997302—01) 183 C —0.4762714E—o l • 0.65311?Q?—01 )
*1 9 C 0.1172714! 00 • 0.1490865! 00) *64 C —0.32536302—0% • —0.$3’1784!—ol)
120 C 0.1250620! 00 • 0 , 4 t6~6%?! 00) 183 C —0.6?7~5652—02 • —0.82164452—01)
12* C 0.00000001 00 • -0.1040408! 00) 106 1 0.27691902—ot • —0.1367*45! 00)
*22 C 0.0000000! 00 • —0.80%66?5!—0l) 1*7 1 0.63735642—0 * • —0 .15124502 00)
*2’ C 0.0000000! 00 • —o .39815192—ol) *89 C 0.955)2982 01 • —0.109)190? 00)
*24 ( 0.0000000! 00 • 0.34257842—02 ) 160 C 0.*1727’4r 00 • 0.25843962—01)
*2 5  C 0.00000002 00 • 0 .3*952588-0% ) *90 C 0.1150620! 00 • 0.2748093! 00)
% 2P. C 0. 0000000! 00 • 0.29947542—0%) 191 C 0.00000002 00 • 0.*53?757p 00)
I t , C 0.00000006 00 • —0 .63433056—0?) 19? C 0.0000000! 00 • 0.11677*9! 00)
128 I 0.0000000! 00 • —0.64%0956! 01) *93 C 0.0000000 ! 00 • 0.49843772—01)
129 C o.0000000! 00 • — 0.11°$701! 00) 1q4 C 0.0000000! 00 • —0.30811692—0%)
% ‘ 0  C 0.0000000! 00 • —0.1534145 ! 00) 195 C 0.00000 002 00 • 0.10404042 00)
131 C —0.67795652—Cl • —0.1019459! 00) 196 1 0.0000000! 00 • —0.1534145! 00)
%37 C 0.27691902—01 • — 0.*36’841! 00) 191 C 0.0000000 ! 00 • —0.1692445! 00.
* 33 C 0.63115842—0 1 • —0 .72066312—01) 198 C 0.00000002 00 . —0 .%S3168), 02
*54  C 0.05516062—0 1 • 0.291 81592-01 ) 19o C 0.0000000E 00 • —0 .11969702 00~
135 C 0.1172774! 00 • 0.1874563! 00) 200 C 0.0000000! 00 • —0.93378442—01)
136 C 0.1250820! 00 • 0.4*796242 00) *0* C —0.39093*72—01 • 0.160*235! 00)
137 C 0.0003000! 00 • —0.308)1962—01) 10? ( —0.46987*72—01 • 0.1199415! 00)
138 C 0.0000000 ! 00 • ~0.23985212~~0%) 201 C —0.47227142—01 • 0.1114?*82—01)
139 ( 0.00 00000! 00 • -0.122-5056! 01 ) 204 C — 0.32536302-0% ‘ 0.,5551 03(_.01 )
*40 C 0.0000000 ! 00 • —0.13189462—02 ) 203 C —0 .62795652—0? • —0,16194562 00)
*4% C 0.0000000 ! 00 • 0.34256812-02) 206 C 0.27691902—0 1 • 0.2079l50€ 00)
$ 42 C 0.0000000! 00 • —0.65433 086—02) 107 C 0.63735642—0% • .0.1956096! 00)
149 C 0.0000000 ! 00 • —0.’758802!—0l) 208 C 0.955*8962—0* • —0.11297*92 00)
*44 C 0.00000002 00 • —0 .66598156—01) 109 1 0.1172174! 00 , 0.70497511—0*)
1 45 C 0.00000002 00 • —0.%313365! 00) t10 1 0.1230620! 00 • 0.30*4128! 00)
145 1 0,0000000 ! 00 • —0.1202448! 00)
141 C —0.32536302—0* • -0.7555091!—0I)
149 C —0.62795652—02 • -0.8216433!-01)
140 C 0.27691 90!—01 • —0 .69605838—Ol)

F 150 C 0.63735842—01 • 0.33607412.0*)

*5* 1 0.95516081—0 1 • 0.29161832—0 * )
*52 C 0.11727742 00 • 0.1490666! 00)
153 1 0.12508*0! 00 • 0.3497814? 00)
154 1 0.0000000! 00 • 0.49243592—01)
153 C 0.0000000 ! 00 • 0.36’23818-Ofl
156 C 0.0000000! 00 • 0.14510895—01)
257 C 0.0000000 ! 00 • —0 .12650412-0*)
*58 C 0.00000002 00 • —0 .39814962—01)
*50 C 0.0000000 ! 00 • —0.64* 09562—0%)

* 60 C 0.0000000 ! 00 • —0.86898756—011
161 C 0.0000000 ! 00 • —0.1106110! 00)

* 6? C 0.0000000 ! 00 • —0.1359733! 00)

* 63 C 0.0000000 ! 00 • —0.153*68*! 00)
164 C —0.47227*41—0 1 • 0.27142 132—0 *)
1 65 C —0.32536302—01 • —0.83121342—02)
*66 C —0 .62’9565!—0? • —0.44395412-01)
1 67 C 0.2769* 902 —0 * • —0.69605418—0*)
*68 C 0.63735642—01 • —0.12066372—0%)
169 C 0.95515962—01 • —0.37997)32—0*)
1 10 C 0.1)72714! 00 • 0.69907152—01)
% 1t  C 0.i2!06?0! 00 • 0.27665302 00)
*7? C 0.00000002 00 • 0.%12.7789! 001
173 C 0.00000002 00 • 0 .87739% 7 !—0 1)
)74 C 0.0000000! 00 • 0.36723932—0*)

* 73 C 0.0000000 ! 00 • —0.23965056—0*)
2,6  C 0.0000000! 00 • —0.00% 6505!-0t)
*7, C 0.00000002 00 • —0.) 198702! 00)

*10 C 0.00000002 00 • —0.1373363! 00)
179 C 0.0000000? 00 • —0.1359133! 00)
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THIS PAGE IS BEST QUALITY 4CTLCAB~~
Y1~~M ~~1’1 FUB24LSH~D TO DDG .~~~~~

—

pRI~iTOuT *F EX C I T A T I ( ~N MA IPIX ...
I I —0 .10052095 01 , 0.34361 1 56—02 )
? ( _ 0 . IC053045 01 • 0 . 17 60 7 226—02 )
3 ( —0.10053076 01 • 0.61359215—03 )
6 ( —0.10053076 01 • —0.lf53822~ —03)
5 ( —0 .10053075 01 • —0. 6135021E— 03)

~ 1 —0.10053075 0* • —0 .613592*6—03)
7 1 —0.10053075 01 • —0 .16530226—03)
3 1 —0.10053075 01 • 0.61359215—03 )
9 1 —0.10053046 01 , 0.17607226—02)

10 1 —0.1005299F 01 • 0.’436115F— 02 )
11 ( 0.00000005 00 • 0,0000000E 00)
12 C 0.0000000w 00 • o.ooooooor 00)
13 ( 0.00O0000~ 00 • 0.00000005 30)
14 C 0.00000006 00 • 0.00000 (35 00)
1~~ ( 0.00000005 00 • 0.0000000F 00)

16 ( 0.00000005 00 • 0.00000005 00)
17 ( 0.00000006 00 • 0.00000005 00)
10 ( 0.0000000E 00 • 0.00000005 00)
10 C 0.00000005 00 • 0.00000005 00)
20 ( 0.00003005 00 • 0.00000005 00)

M AGNETIC CUP~~ENTS FOP XS ~~— 1 0 A .00O 4NI~ VS = 0.400

I —0.104*3566 01 0.30000055 00 0.1 1 0 R 5 5 0~ 01 O.l59~~4R 55 03
2 —0 .06905005 00 —0 .51439965— 02 0.8690652E 00 _0.1796600r 03

7 —0.95101 955 00 —0.6967°6?~~— 01 0.Q6354~~~F 00 —0.1758529F 03

4 —0.10202256 01 —0.12149825 00 0.10274335 01 —0.17320865 03
5 —0.10573535 01 —O .14 i 5 ~~45~ 00 0.1O6~-7Q ’~ 01 — 0.1 7237265 03
6 0.10573436 01 — 0.14159665  00 0 .10667015  0 1 — 0 ,172772 55 03
7 —0. 10202345 01 —0 .12 14 0565 00 0.1 0274425 01 — 0.17320005 o’

O —0.92 1 01435 00 —0 .69677775—01 0.96353’OF 00 —0.)7505305 03
0 — 0.66905445 00 —0.51439745—02 0.06006965 00 —O .179f.f,005 03

*0 — 0 .13413545 01 0.38008O7~ 00 0.11005405 0~ O.1 5Q94R~~! 0’

11 —0 ,4576797F 00 — 0.11273 795 01 0.%2l53*~~F 01 —0 ,11192Q5~ 03
12 —0.10031345 00 —0 .91361195 00 0.91910255 00 —0.06265795 02

13 0.59~~1120F 01 — 0 .0311429F 00 0.9330290F 00 _ 0.0364456e Op
1 - 6 -0.215650?F— 0i ~ 0.0213 7105 00 0.9216233F 00 —0.9*340775 02
15 —0.7~~1327BF—02 —0 .910376’S 00 0.9184054F 00 —0.0045610 0’
16 —0.73*20005—02 —O.0tp3 ~~7OF 00 0.9*039215 00 —0.90456105 02
17 —0 .21566605—01 —0.02137625 00 0.92162055 00 —0 .913 407’S 0?
ie ~0.5C3124OF—Ol —0 .93113715 00 0.9330243r 00 _O.9364471r 02
19 —0 .10070 (9~ 00 ~0.01361495 00 0.9*910485 00 —o.9626541r 02
20 —0.45~~OP6 16 00 —O.tI?73’65 01 O .t 2 I 5 7 14~ 01 _ 0 .l I t QPOOe 0’

X5 VS I NSM!~~sIr~p-4 C~~FFF.—0 .1 00000C 5 03 O. 000000p 00 O.93960?OF 00
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THIS PAGE IS BEST QUALITY P L ~~~L~1~ $~4
1~ QM COPY PU~~USH~~ TO DDQ ~__—

POWER GA1~1 P4TTERN IN REGION C AND ANGLE iN DEGREES
—90.0 0.10420855 00 0.51 O0O9~ F—O1
—80.0 0.12004465 00 0.54739175—01

—70.0 0.17627175 00 0.66331215-01
—60.0 0.298677iF 00 0.02343115—01
—50.0 0.52539345 00 0.1145117! 00
—40.0 0.88928535 00 0.1489866! 00
—30.0 0 .1383474! 01 0 .18582555 00
—20.0 0.1925999 ! 01 0.21925775 00
—10.0 0.2362068 ! 01 0.2428136-! 00
0.0 0,40063255 02 0.1 0000005 01
10.0 0.2362071! 01 0.24201385 00
20,0 0,1925999~ 01 0.21925776 00
30.0 0.1383476 ! 01 O.1858266E 00
40.0 0.8892870E 00 O.148C868F 00

50.0 0.52539385 00 0.11451585 00
60.0 0.2986779 ! 00 0.86343235—01
70.0 0.1762720! 00 0.66331275—01
80,0 0.12004485 00 0.54739225—01
90.0 0.10420856 00 0.51000965—0*

COPE USAG! OBJECT CODE= 49704 BVTFS. ARRAY A~ 5A= 45516

COMPILE ?IM5g 3.56 SEC,EXECUTION ‘IME= 4.88 SFC, WAIFIV
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- THIS PAGE IS 3~ ST QUALITY p~.ACT~~A.BL~
F~~M COPY Ft~~USk3~~ IN) DDO .~~~~ —

3—3. Descriptions and Listings of Subroutines

SueR0U1I,~E P T 8 CW , O ,W A V N B )
CCMS~CN WA),N0.PI.UCOMFLEX CJ .W AVN B
wLe—2..P I/C REAL( wAvNe)swAvNo )
DD .001$~~L8
1=0
IF(D.EO.0.) GO TO 10
I 6 (A IM A G (UAVNB).NE.0 .) RETUR N

DO 1 I~~1.20
IF(A8 s(w Le* I/2. -D).L.E.1.E— o4 GO lD 10
CCI I INLE
GO 1C 11

10 D=C+CC
100 FO~ MAT(’-’.’Dn ‘.15.3X. ’TINES HM..F WAVELEMIGT H IN REGICN B. CHANGED

*
WRIT E(3 .10 0 )  I.D

11 IF (AIM*G(lAVN B) .NE~~0.) RETURN
DO ~ I - 1.2 0
IF (AeS(wLe .I/2.).LE.1 .E—04) GO TO 15

2 COPTIMUE
GO TO 16

15 w=W+0D
150 FO~~~AT(’-’,’W— ,15.3X. T IMES HALF W AVELE N GTH IN RE~~ICN B. CHANGED

* TO’ .E14.7 )
WR ITEC3 .150 ) I.W

16 RETURN
END

This subroutine checks to see whether w or d are integral

aultiplea (up to 20) of a half wavelength in region b. If ei ther d

or w satisfy this condition they are changed by

d — d + .001

V — V + ~001

If region b is lossy, the par sasters d and w are unchanged unless

d — 0 in which case only d is changed.
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THIS PAGE IS BEST QUAL ITY FRACTLCAN~1
F1~0M COPY PLTh~1USHED TO DDC ~~~~~.—

C LIS1ING CF SUBROUTINE YB
C

SuEFOUTI NE YB(Y ,M2.WAV NB.ETANB.W . CV ,PT ,D,N)
COMMO N W A ~~N0.PI.U

COMPLE X V (M2).Y611.V012.Y$UML1,VSUN12.KBD.U .CONST .W4VNB.ETANB
COMFIEX ST1(150).S12C150).CXP (150),c$QRT.CsIN,ccos
DIMENSION SINC2( 150)
N2=N *2
M=N* C Nfl )/2
CON ST -U*OY*DY/W/ETANB
K8C WAV N E *D

1FC *~~S(AINAG(KBD))GE.50.) GO TO 1
Y512~ CQN51/C$IN (KEC)Y al 1=Y6 12*CCOS C KBD)
GO IC 2
MF=— 1
IF- (oINAG(KBD ).GT.0.) 146=1
YB i 1 MF*CCNST*U
YB I ~ 0.

2 CCNTINUE
DO I=1 .NT
CXP (1)=CSQRTCI .— (I*RI/W/WAVNB)**2)
S 1 N C 2 ( I ) a ( S I N ( I *F I /N 2 ) / ( I *P I / N 2) ) * *2
KBC=CXPCI )*WAVNB *D
IF (’eS(AINAG (KBo)).GE.50.) GO TO 4
STI (I)=CCCS(KBD)*SINC2(I)/CSIN(KBC)/CXP(I)
GO 10 6

4 145= -i
IFC 6INAG (KBD).G1.0.1 MF= 1
STI (I)=S IPC2 (I)/CXP(1)*MF*U

6 CON 1 IN U E

CONT INUE
DO 7 I=i.NT
K 8D=WA ~INB*CXP (I)*D
I F ( e S (A I N A G ( K B D) ) . G E . 5 0 .~) GO TO E
ST2 (  I )=ST 1( I)/CCO E(K B D )
GO 10 9

8 ST2 (I)zO.
— 9 CONTINUE

- :  7 CCN1INUE
K 1
DO 10 I=i.N
DO 10 J=1,I

it YSUMIIzO .
Y S U M I 20 .
DO 11 1P 1.NT
CS COS ( IP* PI* ( I— .5)/ N)*COS( IP* PI* (J— .5)/N)
YS UP411~ Y 5 UM11+ST 1( 1P)* CS
YSW4I2=Y SUNI2+S72(IP)*CS

11 CON1INUE
Y ( K )~~ye 1 1+YSuMll*CONST*2 .
Y ( M 4 ( I — 1  )*N+k )SY BI24YSUM I2*CONST*2.
K K 4  1

10 CO NTINUE
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K N -  1 
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F1~)M COPY FI.flUUSH~~ l’O DDC ..~~~~~
.

N1~~
DO 14 1 1.N 1
DO 3~ .j= 1.x

15 COPTIMJE
K= k— 1

14 CCN’TINUE
‘( 1
DC 16 I= 1 ,N
DC 16 .1=1.!
Y ( - 1 4 4 1 - * N+ K)=y(a ( )
K=K4 1

-
- 

— 
16 C C NI .IN UE

EP,C

This sub rou t ine  computes the upper right triangle of

1] 1’[Y I [ Y ]

n k
0 0

1~ 11[Y ~~~~] [‘1 1

and returns t he  result in ~irray Y. The major task is to compute

approx imat ions  to the infinit .i sums in Eqs. (32) and (33). Re—

11
writ ing 

~mn 
as it app cars in I-q . i.3_ ), we have

j  k ~ ( \ v  ~ cot  k d
H f l k Y~

1 = —  
0 0  

_ _ _ _

O O m n  w

- 

j 2 k~~~~( . \ )2~ cot J (
~~

) 2 y 
~~~~ cos[~~ (m -

(n — ~)] (B—2)

where Eq. (A—2) has been used . A similar expression is obtained for

- 

- ~0
k
0
Y~~~. The complex constant CONST is set equal to _j(Ay)

2
k
0fl0/wr i~~.

Since k.0 is a complex number , we wri te k
b 

= k~ — j k~ and if k~d > 50 ,

then the limit of cot k.D d as k~d -
~ ~ is used in computing the p = 0 term ,

YBll , for fl k Y”. Next , DO loop 3 computes NT terms of the infiniteo o mn

su~ nation for Y
11 where
mn

— 
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CXP(p) — 
~
/l - (1i!_) 2 ( 8—3)

SINC2(p) — 
~~ 2 

(8—4)

~2N~
and

cot ~/l (~~
!_)

~k
bd sin2 ()~~~

ST1 (p) — - — (B—5)

____

~~

[i

~~~~

ii) 2 (~~)
2

Again if Im — (~~ -)
2 k

b
d) ~

‘ 50, the limit to cot x as Im x -+

used . DO loop 7 computes the terms of summation for r~ k Y and stores
0 o urn

them in arr ay ST2 as ST2(p) STl (p )/ co s (CXP (p)k ~d). DO loop 10 computes

NT terms of Eq. (B—2) for m ,n — 1,2.. .,N and stores the result in the

first N (N+l)/2 locations of Y, Note the result is an upper right tri-

angular matrix stored columnwise. The upper right triangle of the

matrix ~~k Y 1
~
2 is also computed here and stored in the appropriate loca-

t ions in V . Next , since n k [Y
12

1 is symmetric , DO loops 14 and 15 f ill

in the rest of thnt portion of Y which n k (Y
12] occupies. Finally,

since [1 — IV ” 1. DO loop lb I ills in the rest of Y which is then

returned to the main program .

it
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C 1I ’~T1NG OF 5UOROUT I NE YH~ HISPAIISBZSTQUALI11P AC1’IC.&1~”
c FJ~OJ~ COPY TL~ 2US1~~~

) TO DDC _____

SUI’PCUTINF VMS(DY .N , Y H S A . W A V , E T A N )
COM P L  FX SUN ,HANKO?.YHSA (N) ,HA NK 12.U
COMMON WAVN O ,P I ,U
D I M E N S I O N  T ( 4 ) , A ( 4 )
DATA r/— .4305682,.430568P.—.i6Q QQ05,.l~s9c9O5/
DATA A/2* .3478548,2* .6521452,
DA’A NL/ 3/
YHSA (I )0.

~ X~ DY/P4L
00 1 1=1 .?

~~O 2 j = 1 ,NL
x 1 A R ~~( ( 1 — i  )* Dy—Oxe (J— .-5))
X ’ =X I *X I

H1~~x2/3.*( I .—x2 /15.*( 1 .—X2/~~~.*C 1 .—X2/1 ’.)))
YHSA () ) VHS AC 1) +rix x1~~( ( 1 . — H 1  )* HAp~K 02( x l )  4HO*I4ANK 12( x l ) )
C ( lNTT N’
CONTINU E
YH SA ( 1) =YHSA ( 1)/C ? • CIT ANC W A y

C7 EDY/ 2 .
Do ~ Ic=2 .N
C 4= (  K— . 5 ) * Dy

SUN=0 .
00 4 J 1  .4
Dfl 5 1= 1 ,4

SUM~~~UM 9.A (J ).A (I)*HANKO2 (ABS()y * (T(I)—r(J))+C 2— Ca ))

CONTINUE
4 C O NTI N UE

YHSA(K) SUM*C2**2/(2.*FTAN*WAV )
CON’I N(iE
R E T U R N
FNO

This subroutine computes Eq. (18) or (20) multiplied by the

factor (rt0k0). The parameters are :

DY — ~y times k or k where ~y is defined in Fig. B—I .

N - number of element: in one c:lumn of [~h8m] or ~~
hsc

1

hsa scYHSA - array containing first  column of (Y I or [Y ).

WAV — k 1k or k 1ka o c o
ETAN — or f l / f l 0

The exact elements stored in array YRSA are ~~k0 Y~~1 , s~ l ,2 ,. .. ,N .

When a ~ 1, a four—point Gaussian quad rature formula is us•d to evaluate

the integral. Thus, for example , fl0
k Y I

~
1
~ becomes
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k~~y k~~y 4 4
~ 
k ~ 

hsa 1 a 1 a a) ~ A A H
(2)

( It
1
_t

~~I) (8—6)o o m ,1 k 
~ 2 2

2 (.~!) (;:~
-) 1—1 

~ 
—1 :1 0

where the A1, t
1 are weight coefficients and nodes respectively and are

stored in arrays A and T. When m—l , the integrand is singular so the

approximation

NL 
H~

2
~ (t 

k ~y (i 
— .5) k Ay

n k ~
hsa 1 v a 1 I) a ~ dt ( 8—7 )

o o 11 
2(~~ )(

~~) 
i-
c
l 1 - 

NL NL
k L~y

0 0
a l

is made. The integral inside the summation is then computed with the

aid of the identity [10, 11.1.7]

x

J H~
2
~~( t ) d t  — xH~

2
~~(x) + -

~~~ {H (x) H~
2
~ (x)

0

— H (x) R
(2) ( ) }  (8—8)

1 0

where H (x) and H1(x) without superscri
pts are Struve functions of

orders zero and one defined as

3 5
H (x) — ~- [x - 

~~~~~ 
+ 

1
2

.3
2

.5
2 

- •~ •]  (B-9)

and
2 4 6

____ X X 
— (8—10)H

1
(x) - 

~ 

- 

1
2

.3
2

.5 
+ 

1
2
.3
2
.5
2
.7

C L IC T I P 4G  OF SUBR O UTI N E  TF EX C

C

S JRPOUT INF T~~FXC (WAV,X S,YS,N,DY,VM,N 2.FTAN ,STI( ,W)

C0I~M0N WAVP-1O,PI.U
COWPLFX VM (N?),STK ,SUM,U,HANK32 .HANKI?
DIMFNSIC’N T (4),4(4)
DATA T/— .43O5682..43O5682,—.16Q9905..I6°~)°05/
D A T A  A/2* .147854~~,2*.6521452/
I So=SDRTIXS*XS+CYS—W/2 .
STK=4.*U/HANKI2 (PSO)/WAV

THIS PAGE IS 8~ST QUALITY FBACI1CA~4
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Dy2 =0v/2 • ~~IS PA~~~ IS B~~T QUAXJITY L~flCØ~~
DO P J~ I . N ~~~ lj 7II~~IS1~~ i’O ~DO ~~~~
SUM~~0.
DO I I~~I.4
SUM~~SUM+A( I )* HA NKO2(SQ R1 C XS*XS+ (  ( (J - ,5)+T C I ) ) * D Y — Y S) $ * 2 ) )
CONTIN (JE
V M ( J  )=— ( SUM*STK *0Y2 ) / (  ETAN ~~2 .)

2 COP’~T 1M ~ E

N IEN+ I
00 3 I=N t ,N?
VM( I ) 0.
COt ’ JT I N UF

RI TURN

~‘

This subroutine computes the elements of Eq. (43) multiplied by

k~~~. The input—output parameters are :

WAV - k 1ka o
XS - k xas
YS - k ya s

N — number of non—zero elements of excitation vector.

DY - k ~ya m
VM — output array containing excitation elements (right

hand side of Eqs. (11) multiplied by ~~k0).

N2 — 2*N

ETAN —

STK — Streng th of line source which produces an incident electric

f ield equal to unity at the or igin.

W -  kwa
To produce a unit incident electric field at the origin , the strength

of the magnetic line source Ku must be

4~~Jy
2
+y

2

STK k K  
- $ 

_ _ _ _ _  
(8—11)

0 
~~~~~~ ,~~~~~ 

.,
~~~~ ( /x & + y&) x k 1k1 y e  e s a  0
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A four—point Gaussian quadrature rule is used to approximate the integral

in Eq. (43) thus the elements computed are

k A y  n 4 _ _ _ _ _ _ _ _ _ _

~~k I 1 — — 
~ 

a m)( o )(k K) 

~~ 
A11I~

2
~ ( / ( xk ) 2 + (k y — t

i
)
2) (8-12)

This is done in DO Loop 2.

C LISTING OF SUBROUTINE TP414S

SUBROUT INE TRANS (N,N2,YHSA,PT ,T,vM,STK,W,XK ,yK .ETANA,WAVNA .T14)
CCtMPLFX YHSA (N),YAUX (30),VM(142),SUM,5,COMJG,5TK,U
COMMO N WAVNO,PI ,U
00 1 1 1, N
‘IAUX( I) CONJG(YHSA( 1))
CO?cTINUE
N1 N—I
S0 1 4 0.
DC) 2 1 1, N1
s=o .
D f l 3 J=1 ,1
s~~s+YAux( I—J.1) .c c NJG (vM c N+J) )
CONTINUE

N! N—I
DO 4 J 1 , NI
S:S+YA UX C J + 1)*C O NJG CVM ( N+ t+J ) )

4 CONTINUE
SUM SUM+VM ( N+ I) CS

P C O N T I N U E
=0.

DO ~ 1=1 .14
S= $+YAUX ( N— I+ 1) *CONJG( VM ( 14+! ) )

5 CONT INUF
SUM SUM+VM( N2)*S

*P—WY~P

C? XK tXK +Vl( CV K
T I 4 F T A =A R C OS ( ( 82 + C 2 — A 2 ) / ( 2 . * S Q P T ( R 2 * C2 ) ) )
T~4 ITA N=2.$ATAN ( W ,2./~ O R T ( X K * X K +Y K * Y K ) )
P T R IAL ( SUM ) L
T 8 .  CPI* ETANA * PT/ ( T H ETA * W A VN A * STK M)  

- 
-

R ETURN

ENO
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This subroutine computes the slit transmission coeff icient, T,

according to Eq. (53). The input—output parameters are

N — number of elements in first column of [yhSC]

N2 — 2*N

hsc
YMSA — array containing first column of [Y ].

PT - k f l 0 Re {~ [yhsc j* ~*;

T = transmission coefficient, Eq. (53).

‘/N — array containing the solution to Eqs. (11).

STK - k K0

W - k w0
-
‘ 

X K - k xO s
YK - k yO s

ETANA — f l / f l

WAVNA - k / k

hsc *The auxilliary array YAUX contains the f irs t column of [Y ] . It

has a minimum dimension of N. The computation of Eq. (50) 18 carrIed

out in DO loops 2 through 5 and the power transmitted k
oflo

P
trans~ 

is

assigned to variable PT.

C LISTING OF SUBP OUTINF GAIN
C

SUBROUTINE GAIN(PHIP,N! ,N ,NP,X ,DY ,W ,GA ,W AVNC ,FTANC , PT ,FP)
COMPLEX X(N2 ) ,U,S,ARG.CFX P
D!MFNS!CN GA ( 91 ) ,FP(91),P)IIR(91)
COMMO N WAVN O ,PI ,U
0V2 0V/2 .
00 2 J= I ,N 1
$N SIN(PH!R (J))
IF (SN.FO.O.) GO TO 5 HIS PAGE IS 8~sTQuALITy FBACTlC4Rb~
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FT $IN (DY2*WAVNC*SN )/WA VNC/SN
GD TO 6

5 FT I•/WAVNC
~~= ~ • 

THIS PAG~.E IS Bi~~ QUALITY F CTIC~~ J~~
00 1 1 = i , N ~~~~ !J1~IUSkI~~ TO DD.Q ~~~~ -

-

YM=WAVNC* (( I- .5)*DY—W/2.)
ARG=U*YM*SN
S=S+X(I+N)*CEXP (A~ G)*FT*2.
CONTINUE
F=CAB S (S)
FP(J) F

GA (J)=F*F*WAVNC/(2•*ETANC*PT)
2 C O N T I N U E

FM FP(
00 3 I=2,NI
IF ( FM .LT .FPCI)) FM FP(I)

CONTINUE
00 4 I 1 .NI
FP(I) FP(I)/F M

4 CONT INUE
RETURN
END

This subroutine computes the power gain pattern according to

Eq. (64). The input—output parameters are

P H I R  — input array containing values of 4~ in radians at

which each gain computation is made.

NI — number of elements in PHIR

N — number of elements in vector V2 in Eq. (64)

N2 — 2*N

X — array containing solution to Eqs. (lla ,b) for a

particular excitation.

DY — k0Ay

W k w
0

GA — output array contain ing G(~ )

WAVN C - k 1kC o
F.TANC —

PT — k fl Real {~ [
~hSc]* 

••• *
}

0 0  2 2

F? — output array contain ing normalized H—field pattern.
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The normalized field pattern is found using Eq. (63) and

- ‘ H ( r , $)
FP(+) Hin(rin ,+) ma~ 

(B—l3)

C LISTIN G OF SUBROUT INE GELS
C

SUBPOUTINE GELS (P,A ,N,N,M2)
COMPLEX AC M?)
COMPL EX P( 1820) ,AUX(2000)
COMPL EX PIV I ,~~B

100 r O R M A T ( h 1 , . ,WA RN 1NG_~~~F~~~0R CODE lIP = 1 ,15)

EPS I.E— 07
IF ( M ) 2 4  .24,1

I IER~~O
P 1 V 0
L 0
DO 3 K=I,M
L = L 4 K
TPA CAB S (A ( L) )
IF(T F’A— PIV )  3 , 3,2

P PIV =T BA
I =L

J K
7 CONT INU E

TOL FPS*PI V
LST O
NM N’~M

L F 140 M—l
DO 18 K 1,M
IF r~1V)24 .?4 ,4

4 L F ( I E P) 7 , 5 , 7

~s 1F (PIV—TOL)6.6,
7

e- 1 F R K 1
7 L~~~J—VL S T LST + K

PT V 1 1./A( I)
DO B L K,NM ,M
L L L +LT
T P P IV I *P( LL)
R(LL )=P(L)

B P ( L) T0
IF( K— M)9 , l9,1 9

9 LR LS1+(LT* (K+J-1 ) 1/2
LL LR
L LST

~~
j .. COPY 7IJI~ LISJ~Im~ TO DDC
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DO 14 IIZK,LEND
L L + I  I
LL LL+l  T H I SP A E I SB~~ T QUALXTYp~~CTI~~ g~~
I F ( L — L P) 1 2 , I0. 1I ~~~~~~~~~~~~~~~~~~~~~ ___

10 A ( L L ) =A ( L ST )
T B = A ( L )
GO yO 13

1 1

12 TB A(LL)
AC LL) =A( L)

l~ AUX (II)=TB
14 A(L) PIVI*TB

A C LST) = LT
PT V 0.
LLST LST
L T 0
DO lB II K,LEND
p1 V I=—AUX ( II)
LL LL~~
LT LT+j
DO 15 LL.DII,LE ND
LL LL+LLD
L LL+LT

i~~ AC L) A (L)+PIVI*A(LL)
LL5,~~1LST+I I
L R LLST+LT
TB A=CABS C A C LR ) )
IF (’eA—P lV) 17,17,16

1 6  P IV = T BA

I LR
p 

J I I + l
17 DC’ lB LR K,NM,M

LL LP+LT
t~~
l~~ IF( L FND)24 ,23 ,PO
20 I I M

DO 22 1 2 , M
L STL ST—IT
11 11— l
L A ( L S T ) + . 5
DO 22 J II,NM ,M

~B R  ( J)
L I J
K LST
00 21 LT 11,LEND
LL LL4I
K K+L T

21 TB TB A (K)*PCLL )
K=J+L
p ( j ) = R ( ( )

72 R (K)= ’TB
23 rE’UPN
74 TE R~~~l

WRI TE(3,100) IER
R E T U R N
END

68



______

)

This subroutine solves the set of equations

[A ] — [ R I

where [A] is a synunetric matrix. Input—output parameters are

R — excitation array of dimension MxN.

A — symmetric matrix of coefficients , the upper right

tr iangular portions of which is stored by columns.

M — n umb er of equations in the system to be solved .

N — number of r ight  hand sides or columns of R .

M2 — number of elements in upper right triangle of [Al.

The algorithm uti l izes Gaussian elimination with p ivoting

on the main diagonal. For further details , see [11].

C I I S ’IN G OF FUN C T I~~N ~URP~~OGRAM HA NKI2
C

COMPL EX FUNCT ION HA N K I 2 ( X )
COM PLEx U/(o..I .)~

100 rORMAT(’ ‘,‘WA RN I-,IG———APGUME’-4T OF’,F15.4.3X ,’HAS BEEN ENCfl~IN~~EP E O
u N  COMmUT ING HAN K I?’/ )

I F(X.LF.O.) WPITF (’,lOO) X

~ ~ J 1=0 .0
I F ( X . FO . 0 .)  GO TO 7
7=AflS ( x)

IF(Z.GT.1.0) c~~ 
TI I

V 7 ~~Z/Q .O -
OSJu=x.(o.5+y*(—o .562499e5+y*(0.2uon:~573+v*(~~O.03054289#Y*(O.0O4~~3

I31Q+V* (_o .ooO3l76I+V~ 0.00O01l09))))))
GO TO 2

Fl .7978A4~~6 + W* ( .O O O0 0 l  5 5 + W *  ( . 0  1f~5~~~ t ’ 7+w * (  .0 0 0 17 1 0 5+ W* (  — . 0024
l95I1+w* ( .oo1136 53-w ~ .O O O 2 0 0 3 3 ) ) ) ) )  p

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
107434P+w*(— .00079R24-i-W* .O0O2~~l 6 6 ) ) )) )

BSJI=F1*SIN(Z—Pl )/SORT(Z)
!F(X .LT .O .0 )RSJI — P S JI

7

IFCX . F0.0.) GO TO ‘
IF (Z.GT.~~.) GO T0 4

THIS PAGE IS B~~T QUALITY P8&CTIC.ASLE
~~0N COPY Ptfl~1ISl~~ TODRQ
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THIS PAC)!E IS B~~ T QUALITY F&&C1’ICA.BL1
1~~M OOFY FURNISlfJJ~ 10 DD,C . —

RSV1= (_0.6’661977+V* (0.22I2O9I+V* (2.1f8.~7O9+Y*(_I .~~l64$~~?+Y*(O.’I 2
1~~9!st+v* (_o.04oOq7s+v,O.O027873))))))/Z4o.6366l977*ALflG(o.5*Z)*RSJl

GO 70 ~
PSYI=_F1*COS (Z—D1)/SQRT(Z)

3 CONTINUE
HANK I 2=BSJ I —U*BSVI

PETUQN
EN f)

C L I ST I N G  OF FUNCTION 5~~RpRQGpA M HAN~C O 2
C

COMPLEX FUNCTION HA NK O2 (X )

COMPLEX U/C 0.,I .)/
13 rORMATCIN ,‘WARNING — A R G U MEN T  OF .,F15 .4,3X , ’HA S BEEN ~~NCOUNTFF!-

ID  IN C 4L CUL AT T NG NANKO2 (X )’/)

IF’ CX .1 E.0 .0 ) WP ITE (3 ,l0)X
PSJO I .0
IF(X.E0.0.) GO TO 2
Z = A B S (X )
IF (Z.GT.3.O)S0 TO I
y = z *z /g . o
B SJ 0=I,o+y * (—2.24~~99q7+V*C1 .?5562oe+v*(—O .316~~B66+VCC0 .044447O+V* (
1—0. 00304 44+y* 0.00021)))))
GO TO 2

FO .7Q788456+W* ( .00000O7~~+W *(— s0055P74+W*(— .O000Q5I?+W* (.00l

7237+ws (— . 00 072~ O!c+W. • 00014476)) ))
rc=.7sS3g816+w*(.04I66397+w*(.00o03g~c4+Ws(— .o0262573+W.(.0005

141 25+Wi~(.00O29333—W*.000I 3558)))))
PSJO=F0*COS (Z—P0)/SORTC 7)

CON T IN UE
PSVO —l .0F75
I F ( x .F Q . O. ) GO TO 3
IFC Z.GT .3.) GO TO 4

PSV0 0.63661977*ALOG (0.5*Z)*BSJO +o .3e746601+yeCo.6o559 u66+v.(—o

1.74350384+V.( 0.25300117+V,(—0.042 612l4+V*C0.00427P1 6—V*0.00024B46)
2 ) ) ) )

GO TO 3
4 CON TINUE

PSVO FO*SIN(Z-P0)/SORT ( 7)

CONT INUE
I-lANK OP BSJO—UCBSV O
P~~TUPN
EN D

These function subprograms compute the necessary Hankel function s

— J1(x) — j 
~‘i~

X
~

and

H,~
2
~(x) — J0(x) — .1 Y~(x)

by using polynomial approximations as given In [10, Sec. 9.4].
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B—4. Description aiid Lis~~ ngs of Plot Subroutines

Following is a list of subroutines used to plot Figures 6

through 21 in this report. The driver program is included here as

an example of how the subroutines are called. Punched output was

generated by the main program described in Append ix 5—2 for use

by the driver program. In each of the subroutines the initialization

statement

CALL PLOTS ( 0, 0, 0, 20., 11.)

is made. This is standard procedure at Syracuse University and simply

tells the operator that a 20” by 11” space is to be reserved on

the plotting roll.

LISTING OF DRIVER PROGRAM

SJOQ A UCK,TIP’E=2,PAGES 4O
C— ——— — —— — P RO G R A M  TO PLOT F IG U R E S  ö THROUGH 21...

DIMENS ION CUR (300),PHASE (300 ).FP(300) ,ANG (300).ANG2C300)

DIMENSION GA (300),SF(i)
DATA SF/1..1.,.5/

100 F O R M AT ( 15 )

101 FORM AT C 39X.2E17.7)
102 FORMAT (5X.F10.2)
103 FORMAT (F20.1,2E20.7)

104 FORMAT (2E11.4.1IX .E11.4)
C———-———PLOT FIG. 6

READ(I,100) N
N2=2*N
DO 1 1 1,3
DO 1 J 1 ,N 2

R E A D ( 1. 1 0 1 )  C UR ( J- f (I— 1 )* N 2 ) ,PH A S E ( J+ ( I— 1)*N 2 )

1 CONT INUE
CALL PCUP(CUR,N .N2 ,1.5.3)

CAL L PPHA S (PHASE,N ,N2,3)

C———--————PLOT FIG. 7
00 2 1=1,3
DO 2 J 1,N2
REAO (1,1O1 ) CUR (J+(I—1)*N2 ),PHASE (J+ (I—1)*N2 )

2 C O N T I N U E

CALL PCUR (CUR.N,N2 .1 .5,3)
CALL P~~I-1AS(PHASE .N,N2.3)

C———-—————PL )T F1~~. 8
R E A D C I . I 0 0 ) N E P
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DU 3 t=i ,N F P3

~~~A D( 1  ,103) AI~G(1),GA ( I).FP( I)

AN (2 (1 )=ANG( 1)

3 CONT I NUE
C A L L  PFP(ANG,FP.NFP ,3)

CAL L PGA ( A N G 2 . GA ,NFP.1..3)
C——-——————PLOT F i t.. .

R&AD (1.100) NEP

NFP3 3*NFP

DO 4 I 1,NFP3

REAO ( 1 , 103 ) ANG( I), GA( I) ,FPC I)
ANG2 (I) AN G ( I I

4 CONT IN U L
CALL PFP(ANG.FP ,NFP .3)

CALL PGACANG2 ,GA,NFP,1..3)
C——————-PL-O T FIG . 10

RCA D (1 , 100 ) N

N2 2*N

Dli 5 J 1.N
R~~AD (1.101) CUR(J)

5 CONTINUF
DO 6 J=NPI,N2

• R E A D (1 , 1 02 ) C U R ( J )

6 CliNT INUE
C A L L  PCtJR (CUR .N .N2 .1..1)

C PLOT F I G .  11
READ (1.100 ) N

l~2 2  *N
NP 1 N+ 1
DO 7 J 1,N
READ (1.I01) CUR (J)

7 CaNT INUE
DO 8 J=NP1 ,N2
REAO (1,102 ) CUR (J)

8 CONTINUE
CALL PCUR(CUR ,I..N2.1 ., 1)

C PLOT F I G S. 12,13, A N D  14

R E A D (1 , 10 0 ) N

N2 2*N

DO 9 1 1.3
DO 10 J 1,N2

REAO (1.l01) CUR (J),PHA SE (J)

10 CONTINUE

CALL P P HAS(PHASE,N ,N2 ,1)

CAL L PCUR(CUR,N,N2,SF( I).1)

9 CONTINUE
C——————— PL OT FIj . 15

R E A D ,  N. NFP , PHI 0. OPH I

NFP3 NFP*3
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FROM COPY FU1~Z~ISkI~~ TO DDC ~~~~~~~~~~~~~~

DC 1 1 1 1,NFP3

~ tTAO(1 .103 ) ANG( 1 ),GA( I ).FP( I)
AN G 2 (1 ) AN~~(I)

11 CONT INUE
CALL PFP (ANG,FP,NFP, 31

CALL ~ GA (A N G 2 , G A , N F P .1. ..3 )
C—--—————-PLOT FIG. 1 6

R LAL ),N,NF P ,PHi0,~)PHI
NFP3 NF  P43

DO 12 t~~1.NFP3
R E A D  (1 , 103 ) AN (~( I) ,GA ( I) ,FP( I)
ANG2 II ) ANLP ( 1 )

12 CONTINL)t

CALL PFP (ANL.,FP,NFP , 3)

C A L L  I ’ G A ( A N t .,2 ,GA ,NFP ,2 .,3)
C———— --——- PLOT i-I~.S. 17 ,18, AND 19

READ (1.100) N
N2 2 *N
DO 13 1 1,3
DO 14 J 1,N~
READ ( 1 .101 ) CUF(.i) ,PHA SE(J)

14 CL NT LNUE
CALL PPI-1A .,(PHASE.N,N2,1)

CALL PCLjR (CUP ,N,N2,L.,1 )

13 CONT INUL
C —— —— — — — P L O T  F I G .  20

NTP 4I
DO 15 I 1,3
00 15 J~~1.NTP
K J # ( 1—I )*NTP
RLAD (I.104 ) ANG (K),ANG2(K),GA(K)

15 CliNT INUF
CALL PTRANS (ANG,ANG2.GA .NTP,3,—1

C PLOT FiG. 21

N P 2
DC lb 1~~1,NP
DO 16 J 1,NTP

K J+C 1—i )*NTP
READ (1 • 104) ANG(K),ANG2(K).GA(K)

16 CONTINUE
CALL PT~~ANS C ANG .ANG2.GA .NTP,NP .1 )
STOP
END

73 

--- ---———--‘~-—-———~------•--—--~~ -,- —



— -~
=

~ - - -~ .- - -~~-~-~ - 
- 

-
~~

--- -
~
.----

~~~ 
—- --- -,------•- - - --,-,~~

-- - - •~
-

C LI5TING DL SUDROUTINE PCUR ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SUUNCUTIN [ PCUR (Y,N .N2,SC•NP )

C———-——— P~~1)~iRAM TO PLOT CURRENTS - 
-

DIMI NSIDN XX (5),YY(5),X (300)
D IME NSION V i  ( 1 5 C ) .Y2(150)-,Y(300)
D A T A  X X / . -’..7. ,~~.,2..2./, YY/I.,1..S..5. .1./ —

M N= ~
SN=SC* 2.
X W = X X ( 2 ) — X X (  1.)
V W Y V (  3 ) — V V  ( 2 )
SI VW/SN
D X X  W/ N
DX2 OX/2.
CALL PLUTS (O,O,O,20.,11.)
CALL L INL (XX(i).VV(1).S,1,0,0)

31=1
N P I N + 1
L)t) 2 J-~ 1 .2
V _ _ i V V( 1 )+( 3—I )*Vw
XS= XX (2)— (J—1)*XW

DO 1 I~~ 1,NP1
X 1 = X X ( i) + (J — I ) *X W + ( 1— 1 ) * D X * J T

CA L L  SVM L i OL ( XI . VS ,.14 . 13 .0 ..— 1 )

CONT INUL
DO 3 i=1.NSN
V I=VV ( 1 ) 4 - ( 3— i ) * V W + (  1— 1  ) *j ~
CALL ~ VMO1 ~L (X S,YI,.14,13 .90 ., — l )

3 CCNT I NUI

JT=— JI
2 C(’ NT INUF

5N2 SN/4.
00 4 I= 1.N ~~N
V1~~YY (A )— ( I — 1 I — .JT
CALL NUML3LR (XX(I )— .t ,4 , V 1  , .14  ,SN,0.  .2 )

4 LGNTIN’J L
CALL :;YMUUL (xX (1)— .7,~~VC 1)*L.4,.I4.9HMAGN1TUDE~,c0.,9)
CALL SVMUUL (XX( I )— .03.YV ( 1)— .27,.14,112.0.,—1 )
CAL L S r  M3OL (XX (1)+XW/2.,YV( I ) , . 2 , 13 . O . .— 1 )
CAL~ ,VML3L -L (XX (1)+XW/2.— .17• YY (1)— .27..i4- ,’~~/2’,0.,J)
C A L L  ~ Yfr~3CL (XX (1)+2.0O,VV(1 )— .6. .14.8 HPOSITIUN .0..8)
C A L L  ~,YMU1iL (XX(2)— .03b,VY (t)— .27..14.L02,0.,— 1 I

DO 1 1

C (1NT INUI
Ut )  I ) i~-~ 1 • NI’
1)1) ‘ 1 = 1  .11

i l l  I - V I  I •( I’- -- 1 )~~N2) ~ SF + Y Y (  1)
~ ‘ .1 INU1
- ‘I ‘ I .NI’~ , N2

v . 1 1  - H ~ V (  I • ( K — I  I *N2 )
~~SF + Y Y (  I)

, - ‘ I~~~ t

I, 
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TO PDQ .—

v’s.’ i~
tA t  L V~ -’ t i t L ( \  ( I  ) , ‘t I I I) • .07.).0.,— I

A t  1. ~‘t MtIt1L I \ ( I 1 , ~~~~
‘ 1 1) ..U7,2 .0. , —I I

t.~~ NT INUI
c A~ I I I NI I \ ( I  ) •V 1 ( 1 1  ,N • 1 • , ~‘I

i A 1  I IN I I ‘- (  I ) •Y2( I) •N • I .0.0)
I 0 UNT INUL

I I  1

NV’

liii n ~~~~i i ’ t - ~~ ’ t i t  i n ’  p i~~t s  t ht ’ uta~~ii i t  u d t - p~~j ;Ui ~i M v ’ i sun

t lit’ I r p~’n I t  I m m t lit ’ I - i ~ I’ 1’ : - and c~~ nu ’ - I h’  u t  S wit Ii

si i i  i1~iit I t iws.  h i t ’ ai~~uimt’tit parnn~’t t ’ 1n  a t t ’

I .ii I % \  1 1 ’nt ~ ~~~~~~~ ~ I ~in~L j M  L~- qu ’nt I i  L i v  n) ~‘i i’d —

N uuuntI~t ’i -  ~i I ‘x 1’ lun I t ’n I ttn1’ t I t ’u s i I t t ~h 1 ’

and I’

N. ’ —

— n - - u 11 ’ t a t - I  ~r stut ’Ii t hat I iii ’ f l l\  t IiiLIIIi v i i  ut’ ‘~ I I n

p 1 ~-‘t t ’rd m a t  i ’ t ’I1U.t I -
‘

Ni ’ — uu umi ’t ’i ~‘t ~ i ‘t 0 1  and I o h -  di un- n I

~~li( P 1k - )  tii (~ —

a r t  a vs  hay I i i~~ nil ii i nuum d I Iflt ’n S o t in - i t ’ \ N.’ ~ Ni’ ‘~ X (N • I I u_ N ‘I - ud

I’ (N ) .  A l I ot (lit’ st at t’nit~uit up It ’ PU loop ‘
~ ~~t ’ilt ’i i t t ’ tIi ~’ P i~~ ) lil t ’

r an t ’ wit ii I abe I s. Ins Ith’ P11 1 ooI~ t O . I lit ’ v i i  ties ol and i t t ’

taketi out ol .i i i a v  \ , p 1 • i e t ’~( i n  ( lit ’ t inmmv II I . IV  V i  and I.’. •un~
( m i t

i 1 t i t  5*1 1111  ( ‘5 and I i  t int~it ’~ t t ’npt ’~~t I v e i  v liii in (10111’ I ot Nb ’ iii • u v n

ol • u in l  ~I
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ThIS PAGE IS D1ST QUALITY FBACTICkMI
fl~~ OO~~ !1.~~US1L~~ TO DDC ~~~~—

C L 1sT IN ., or SUI3ROUTINL PPHAS
C

SULIROUT INL PPHAS( V,N,N2 ,NP)
L)IMLNS IL1N XX(5).YY(t’),X(5G).Y (300).XF (5)
D A T A  X F / .~~ • . 3 , .23, .5 . .b5/
DATA XX/2. , 7 . • 7 . ,2 .  ,2. / ,Y Y /l  . , 1.  ,5 .,5 .  .1./
XW=XX (2)—XX(l)

V~~~YY( J)—YY(2)
N~~N 5

D X X  w/N

CALL PLUTS (o.O,0.20..IL.)
CALL LINE (XX (L ).YY (1).S.1.0.0)

3 T = 1
N P I N+ 1
DO 2 J~~l. ’
V~~~VY ( 1 )+( J—1 )*YW

X .~~~~~ X X (  2 1— 1  J—  1 )  *XW

DO 1 1 = 1
X 1= X X (  1 )#(J— 1.)*XW-f ( I—1)*DX *JT
CALL S V M tIOL (X I  .VS..14. 13.O..— 1 )
CONTINUE

DC 3 1—L ,NSN
V I = V V I L ) + (J— 1  )*Vw + (L— L )*JT
CALL ~YMt3OL (X5,VI,.14,13,90..— 1)

3 CC’NTINUI
JT=—JT

2 CONTINUE
SN 180.
DO 4 I=1 ,NSN
VI VY (4)— ( 1— 1)
C A L L  N UM O L R (X X ( I)— X F ( I) ,Y [ — .06..14,SN.0..— 1 )

SN SN—90.
4 CONT INUE

CALL  S V M H I J L ( X X ( 1 ) — . 7 .Y Y ( l ) + l . 6 7, . 14 . 5 HP H A SE .9 0 . , 5)

CAL L YMuC L (XX(t)— .03,YY(1 )— .27..14,112,O..— 1 )

CAL L S Y M h O L ( X X( i ) + X W / 2. .Y V ( 1 ) . . 2 . 13 . 0 . . - t )

C A L L  SY ML I UL ( X X ( 1 ) +XW / 2 .— . 1 7 ,Y Y ( 1)— .27,.14, ’W/2 ’ .0..3)

tJA I L SYML3UL (XX(2)— .035.VY (1)— .27..14,102.0.,—1 )
CALL 5VM80L (XX (1)+2 ..YV (1) .6,.14,6HPOSITION,0.,8)

Dli 10 1c 1.NP
DO S 1 1,N
X( I)=XX (1)+(l—.’)*DX
CUNT INUL
(‘1(1 ~ 1 1,N

- ‘  V ( I )Y ( I + ( K — 1 ) * N 2 ) /90.#3.

6
(11) 7 I NPI ,N2

7 LC N TIN I J L
DO 8 J 1  ,N

CALL ‘Y ML II L C x ( J) .V(J) . .07,0. 0..— 1)
t.~ ALL ‘~v M 3t)L I ~ I J) • Y( J +N ) • .07 .2.0 . •

— 1)
8 L & N 1
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‘ FROM ~~Pi FUE1US11~i) TO DDO .~~~~~~ —

CALL L INL (X (1 ) .V(  1) ,N, 1 .0 .0 )
CALL L I N L ( x ( 1 ) , Y ( N P I ) . N , 1 , Q . o )

10 CONT INUE
Pt- TURN
END

This subroutine plots the phase of and versus their

position on slit face F
1 

or F2 
and Connects the points wi th s t ra ight

lines. The argument parameters are:

Y — array containing the phase of and in degrees.

N - number of expansion functions on slit face F1 
and F .

N2 — 2*N

NP — number of phase plots desired per picture .

The arrays hav ing minimum dimensions are Y(N2*NP) and X(N). All of

the statements up to DO loop 10 generate the picture frame with

labels. DO loop 10 then takes the phases out of array ‘
~ and plo t s

the phase of with squares and the phase of M
2 
with triangles.

This is done for NP array s of and M2.

C LISTINt . 0 ~ UUI?UUTINL PFP
C

SUL4POUTINL I’FP (X,V,NFI’,NP)
INC II I PLOT NORMAL ! 21 1) I I LLL) PAT T I

DIME NSION X X ( s ) . ’ V Y I N ) .  X (300).Y(300)
DATA X X / 2 .  .8. • 8. .2. • 2, / • Y Y /  1 . • I • .5 • ,‘ • . 1 .1

CALL PLOTS (O,0.O.20.,1 I.)
CALL L I NL (XX (I).YY(I).5,L,0,0)
XW=XX( 2)—X* ( 1)
‘YW YY (3)—YY( 2)
DX=* W/ti.
JT 1
N Y 6
N X ~ 7
DC] 2 3 = 1 .2
Y S =V V ( I  )+(J— l ) * Y W
X S = X X ( ,b )— ( J — l ) * X W

DO 1 I 1.NX
X I= XX( 1)413—I )*Xw# ( I—I )*I)X*JT
CAL L SYNI3UL (XI.YS..14.13.0.,— 1 )

1 CONT INUE
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TO DD.Q ....—

DO 3 I= l.NY
YI YY ( 1) +1 J — L  ) *VW+( I— i  )*.8*.)T

CALL 5VMt3UL(XS,YI, .I4,13, ’~0..—1 )
3 C E N T  INUC

JT~- — JT
2 CUNTINUI

SN~ 1
00 4 I= l .NY
V I Y V ( 4 3— (1— L ) * .~ 3— .07

CALL ‘1UMuLR(XX(1)— .5.Y1..14,SN.0.,1)
SN SN— • 2

4 CONT INUL
CALL SYM C3I )L(XX( 1)— .7,YV (1)+.32,.14,24INORMALIZLO L I E u _ I) I’ATT [~~N ,

*90. • 24)
SN=—90.
DO 5 1= 1.3
X I=xX ( 1)— . 1 74 (1—1)
CALL NUMUL R (X i , VY (  1 ) — . 3. • 14. SN.0 .,— 1)
SN SN+ 30.

5 CONTINU I
CALL SVMUOL(Xx (1)+XW/2 .— .04,VV (1)— .3,.1 4.112,O .,— 1 )
SN~~3O.
DO ~ 1=5,7
X I=xX( 1)— s i +( I—I )
C A L L  ~ tJ P-’3L I~ (X1 .YY (t)— .J..1 4,SN.0.,— l )

SN SN+30.
6 CONTINUE

CALL 5VMUt~L (XX (1)+2 .7,YY(1)— .6.. 14.5HANGLE.0..~~)

DO Ii  K= 1 ,NP
00 1 0 1=1 •N IP
X(I)=Xu_ (1)+(Xw /180.)* (X(I+(K— 1)*NFP )+90 .)

VII )=V ( 1+ 1 K — i  )*NFP)*Y.q+Yy ( 1)
10 CCNT INU L

CALL LI NL (X(1),Y (t ).NFP,1,0,O)
I_ i CONTINUI

RETUFN
E N D

This subroutine plots the normalized far ‘~ c’~d pattern

measured in the half space region c as a function of the observation

angle measured from the x axis. The argument parameters are:

X — array containing values of the angle at which the

far field measurements are made.

Y — array containing far field measurement s normalized

so that the largest measurement equals unity.
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FROM ODP’L Fi~U~2US~~ 

TO DDQ _ ...—

NFP — number of far field measurements made

NP — number of plots desired per picture.

The arrays with minimum dimensions are X(NFP*NP), Y(NFP*NP). All of

the statements up to DO loop 11 generate the picture frame with labels.

Each value of X and Y is scaled accordingly and connected by a

straight line.

C LIsTING W SUOI~OUT1NC PGA

C
SUI3ROUT I NL PGA(X ,Y,NU~~,SC,NP )

C SUDROU1 INC TO PLOT GAIN PATTERN .
DIMEN SION X (300) .V(300).XX(4),YV(4)
DATA XX/2 .,7.,3.,3./.VY/4,,4.,2.,6,/
DAT A NX/4/ .NY/5/.PI/3.141593/
CALL PLOTS (0.O,O,20. .11.)
CAL L L INE (XX( 1 ),YV( 11.2.1.0.0)
SN=4 • * SC
DO 1 1 1,NX
X I XX C 2 ) — C 1 — 1 )
CALL S Y M E WL ( XI ,Y Y (1) . . 14 , 13 , O.,— l )

CALL NUMLiC1~(X I— .03,YYC1)— .22,.14.SN,0..—1 )
S N S N— SC
C O N T I N U E
CALL L INE (XX ( 3 ). VY ( J) .2 . 1 , O ,Q )

00 2 I= l,NV
YI=VY (4)— ( 1—1 )
CALL SVMUOL(XX (1)+i .,V le.14,13.90.,—1 )

2 C O N T I N U E
XN XX( 1 1-4.1 (6
CALL NUML3CR (XN,Y’r(4)— .07..14,2.*SC,Q.,—l )
CALL NUMtTLR(XN,YV (4)—I.O7,.14.SC,0.,—I )
CALL NUM uJLR (XN,YV (3)— .07, .14.2.*SC,O.,—i )
CALL NUM1J L R (XN ,YV (3) +. 93,. 14 .SC • 0. ,— i )
DO 4 K 1,NP

DO 3 I 1,NF P
YT Y ( I + ( K — I )* NFP)
V ( I ) - Y Y ( 1) +V (I , ( K— 1 )*N F P ) *S IN ( PI *X ( I + ( K— I ) *N F P ) /i 8 0 . ) / S C

X (1)-=xX (1).YT*CUS (PI*X(I+(K— 1)*NFP)/1~~O.)/SC+I .
3 CliNT INUE

CALL L INL (X (1 ).Y( I).NFP.l,O,O)
4 CONTINUE

C A L L  SYM U LL ( X X ( 3 ) + . 5,Y V ( 3 )— .5,.14. ’ G A I N  P A T T L I~N’ ,0..12)
RET T U R N
END
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This subroutine plots a polar pattern of the gain computed

in the main program for the half space region c. The argument para-

meters are:

X — array containing the gain measurement angle

measured from the x axis.

Y = array containing the gain measurement .

NFP = number of gain measurements made per pattern.

SC = scale factor such that 4 < SC*maximum gain value.

NP = number of patterns desired per picture .

The arrays with minimum dimensions are X(NFP*NP) and Y(NFP*NP).

All of the statements up to DO loop 4 generate the axes with labels.

The data is then scaled and plotted using polar coordinates.

C L I S T I N G  OE S U B R O U T I N E  PTRANS
C

S U BRO U T I N E  P T R A NS ( X, Y .T .NT P ,N P . I D)

DIME NSION X(JO0) ,V(300).T(300)
DIME NSION XX (5) .YY(5)
OIMENS ION DUMX (8u).DUMV (86)
DIME NSION TMF (8), PHI (8),TMFI (8).TMO (8).PHD (8),TMO1(8)

DATA PHI/O. .10. .20. .30. .40. .50. • (0. • 70.1
DATA TMF/i .,.cls ,.c)25,.so ,.75..65..so..4a5,

DATA T M I 1/.98..95,.92..85,.7q, .725,.6e..62/

DAT A XX/2 ..b .,L ..2 ..2./ .YY/i..I.,4,,4,, 1./

DAT A P1/3.141593/
X W = X X ( 2 ) — X X ( 1 )
Y~~=VV ( 3)—YY (2)

OX X*/9.

D Y Y ~~/ 10.
CALL PLC-TS (0.0.0.20..11.)
CALL L INE (XX (1).YY (L).5.1.O.0)
JT= 1
DO 2 J 1,2

YS V Y (  1 ) + ( J — l  ) $YW
XS=XX (2)—( 3— 1 )*XW

DO 1 1= 1 , 1 0
X I= X X ( &) + ( J— i ) *X W + ( I— 1 ) * DX * J T
CALL SYM I3OL (X I .Y S , . 1 4 . 13 , O . . — 1 )
CON1 IN U E
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THIS PAGE IS BEST QUALITY PRACTICABLE
P M~~~PY FT.fl~IUSHED TO DDO 

~~~~~~~
—

00 3 1= 1,11
YI=YY( I )+( 3—1 )*yw+( I—I )*JT*DY
CALL SYMI3OL(XS ,Y I ..14, 13,90.,— 1 )

3 C O N T I N U E
JT=— JT

2 CONTINUE
S N 1 .

00 4 1 - 1 ,3
V i = Y V ( 4) — (1-—1 )*1.5— .07
CAL L N U M I 3 L R ( X X (i )— .50.Y1 ..14,SN ,O. .1 )
S N S  N— .5

4 C O N T I N U E
CALL SYMD OL (XX( 1 )— .G,YV (1 )+i.13 ..14 . ’T’ ,gO. ,L )
CALL S Y ME OL ( X X (1 )— .G,YY (1)+1 .33,.14, ’CUS’ ,90..3 )
CALL SY 1~’ U UL (XX (  I )— . 6 .Y Y (  I )+1 .77, .14,36,90. .-1)
CAL L NUMULR(XX(1)— .035.YY(1 )— .25,.14.O.,Q.,— 1 )
CALL NUMBLR (XX(2)— .115,VY (1)— .25..14,90.,O,,— 1 )
CALL SYMI3LL (XX(1)+.75 ,YY(L)— .-4, .14 , ’ANGLE OF INC I DLNCE ’ .0.,(8 )
00 6 3=1 ,NP

DO 5 I=I.NTP
K I + ( J — 1  )* NTP
DUMX(I)=XX (2)— (2.*XW/PI)* (A1JS (ATAN2 (Y(K),x(K)))—PI/2.)
D U M V ( L )=T(K)*YW+YY(2 )

5 CONT I NUE
CALL L INE (OUMX (1) ,DUMY( I).NTP ,1,O,O)

6 CONT INUE
IF (1O.EO.—1 ) GO TO 10

00 8 1=1.8
PHD (I) XX (1. )+XW*PHI(I)/90.
TMD( t)=VY(1)+TMF(I)*VW
TMD 1 (I )=VY ( 1 )+TMF 1(1 )*YW
CALL SYMBLL (Pt-lD (I) ,TMD1 (I) ,.O7,2 ,O., — 1 )
CALL SYMBOL (PHD (I).TM)(I),.07,0,O.,—1)

8 CONTINUE
10 C O N T I N U E

RETU ~N
END

This subroutine plots Tcos4, versus ~ where T is the transmission

coeff icient computed in the main program and ~ is the angle of inc idence

measured from the negative x axis. The argument parameters are:

X — arr ay con t aining x coordinate of line source.

Y — array containing y coordinate of line source.

I — array containing values of Tcos~ where ~ — tan ’j~ -l
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NTP — number of values of T computed .

NP — number of plots of Tcos$ versus ~ desired per picture.

ID — integer option variable. If ID — 1, the sample data

placed in arrays TMF, TT4F1, and PHI will be plotted

with symbols,i.e., for comparison purposes. If ID — —1 ,

this data is ignored .

The arrays with minimum d imensions are X(NTP *NP ) -, Y(NTP*NP), T(NTP*NP),

DUMX(NTP) , and DUMY(NTP) . All of the statements up to DO loop 6

generate the picture frame with labels. Each angle 4 is computed in

DO loop 5 and stored in the dummy array DUMX. Array T is scaled and

stored in array DUMY. Straight lines are then drawn between consecutive

points.

82 



-
~~~~~~~ 

-
~~~~~~~

I— 

— - - — 

REFERENCES 

- -- —

[1] C. W. Lehman, “Diffrac tion of Electromagnetic Waves by Planar
Dielectric Structures. I. Transverse Electric Excitation,”
Journal of Math. Physics, vol. 11, May 1970 , pp. 1522—1535.

[2] 5. C. Kashyap , M.A.K. Hamid , “Diffraction Characteristics of
a Slit in a Thick Conducting Screen,” IEEE Trans. on Ant, and
Prop., vol. AP—19, July 1971, pp. 499—507.

[3] Kohei Hongo, “Diffraction of Electromagnetic Plane Waves by
Infinite Slit Perforated in a Conducting Screen with Finite
Thickness,” Elec. and Comm. in Japan, Vol. 54—B, No. 8, 1971,
pp. 90—96.

[4] F. L. Neerhoff, C. Mur, “Diffraction of a Plane Electromagnetic
Wave by a Slit in a Thick Screen Placed Between Two Differen t Med ia ,”
Appi. Sd. Res., Vol. 28, July 1973, pp. 73—88.

[5] R. F. Harrington, J. R. Mautz , “A General ized Network Formulation
for Aperture Problems,” Syracuse University Technical Report TR—75—13,
November 1975.

[6) R. F. Harrington, J. R. Mautz, “A Generalized Network Formulation
for Aperture Problems,” iEEE Trans. on Ant , and Prop., Vol. AP—24,
November 1976, pp. 870—873.

F [7] R. F. Harrington , “Time—Harmonic Electromagnetic Fields,” McGraw—
Hill Book Company, New York , 1961.

[8] C. M. Butler, K. R. Umashankar, “Electromagnetic Penetration through
an Aperture in an Infinite, Planar Screen Separating Two Half Spaces
of Different Electromagnetic Properties,” Radio Science, Vol. 11,
July 1976 , pp. 611—619.

[9] S. C. Kashyap, et al., “Diffraction Pattern of a Slit in a Thick
Conducting Screen,” Journal of Applied Physics, Vol. 42, February
1971, pp. 894—895.

[10 ) M. Abraniowitz , I. Stegun, “Handbook of Mathematical Functions,”
Dover Pub lications, Inc., New York , 1965.

[11] IBM , Sys tem/360 Scientif ic Subroutine Package , Version III , p. 133.

[12) J. Chou, A. T. Adams, “Method of Moments Applications aperture
Coupling Through Long Slots ,” Rome Air Development Center
Techn ical Repor t , RADC—TR—73—217 , December 1975, A0l977 1, Vol V I I .

[13] P. M. Morse, P. J. Rubenstein , “The Diffraction of Waves by
Ribbons and by Sl its,” Physical Review, vol. 54, December 1938 ,
pp. 895—898.

83


